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1. INTRODUCTION 
1.1 Dynamic RAM 
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1.2 Dynamic RAM Module 
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1.3 Video RAM 
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1.4 Static RAM 
Standard SRAM 
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t f t 
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th jl f 
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Pseudo SRAM 
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High Speed SRAM 
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KM6466B-12 KM6466B-15 KM6466B-20 KM6466B-25 


(With OE) 


. KM6865B-12 KM6865B-15 KM6865B-20 KM6865B-25 
A A A 
256K KM64258B-15 KM64258B-20 KM64258B-25 


ith O 


KM64258C-12 KM64258C-15 KM64258C-20 
ith O 
KM64V258C-15 KM64V258C-17 KM64V258C-20 


(With OE) 


A A A 
32K x8 KM68257B-15 KM68257B-20 KM68257B-25 
KM68258C-12 KM68258C-15 KM68258C-20 
A A 4a 
ee | 


Low Voltage Operation 


KM68V257C-15 KM68V257C-17 KM68V257C-20 


(Low Voltage Operation) 


A A A A 
512K 32K x 16 KM616513-15 KM616513-17 KM616513-20 KM616513-25 
A A A 
KM616V513-15 KM616V513-17 KM616V513-20 


Low Voltage Operation 
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A A A 
| am | KM611001-20 KM611001-25 KM611001-35 . 


256K x 4 KM641001-20 KM641001-25 KM641001-35 
KM641003-15 KM641003-17 KM641003-20 
t f f 
KM641003A-12 .KM641003A-15 KM641003A-17 KM641003A-20 
t ‘i f "i 
KM64V1003A-12 KM64V1003A-15 KM64V1003A-17 KM64V1003A-20 


(Low Voltage Operation) 


128K x8 KM681001-20 KM681001-25 KM681001-35 
KM681002-15 KM681002-17 KM681002-20 
t ‘i f i 
KM681002A-12 KM681002A-15 KM681002A-17 KM681002A-20 
i ‘i —t t 
KM68V1002A-12 KM68V1002A-15 KM68V1002A-17 KM68V1002A-20 


(Low Voltage Operation) 


64K x 16 KM6161002-15 KM6161002-17 KM6161002-20 
f i ‘ ri 
KM6161002A-12 KM6161002A-15 KM6161002A-17 KM6161002A-20 
t f f f 
KM616V1002A-12 KM616V1002A-15 fy KM616V1002A-17 KM616V1002A-20 


(Low Voltage Operation) 
KM644002-17/L-17 KM644002-20/L-20 KM644002-25/L-25 
KM684002-17/L-17 KM684002-20/L-20 KM684002-25/L-25 

KM6164002-25/L-25 1 KM6164002-35/L-35 


























512K x8 


256K x 16 KM6164002-20/L-20 
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BiCMOS SRAM | 


BiCMOS 256K 64K x4 KM64B258A-8 KM64B258A-10 KM64B258A-12 
TTL VO 


* — (Revolutionary, With O&) * 


KM64B261A-6 KM64B261A-7 KM64B261A-8 


(Revolutionary) 


32K x8 KM68B257A-8 KM68B257A-9 KM68B257A-10 KM68B257A-12 


* — (Evolutionary) 


KM68B261A-6 KM68B261A-7 KM68B261A-8 





256K x 4 


128K x8 


KM64B1003-15 
KM68B1002-12 


KM68B1002-15 














KM68B1002-10 


KM68B1002-8 


(Revolutionary) 





KM68B1002-9 5 


t i f 
KM64B4002-10 KM64B4002-12 KM64B4002-15 


t (Revolutionary, With OE) 


KM64BV4002-10 KM64BV4002-12 KM64BV4002-15 


(8.3V Operation-Revolutionary, With OE) 


: i i 
512K x8 KM68B4002-10 KM68B4002-12 KM68B4002-15 


t (Revolutionary, With OE) { 


KM68BV4002-10 KM68BV4002-12 KM68BV4002-15 


(3.3V Operation- ogc: 


256K x 16 KM616B4002-10 KM616B4002-12 KM616B4002-15 


(Revolutionary, With OE) i 


KM616BV4002-10 KM616BV4002-12 KM616BV4002-15 


(3.3V Operation-Revolutionary) 
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Specialty SRAM 


P A LA : 
Sync. 288K 32K x9 KM79C86J-14 : KM79C86J-19 
SRAM ee eee {(Interteave Burst) 


(Sep. /0) 


A\ 
il KM79C86J-20 . 


t i i 
64K x 18 KM718B86-9 KM718B86-10 KM718B86-12. 


256K x 4 KM741006J-10 B KM741006J-12 B KM741006J-15 


t interleave Burst) 


t t 
KM718B90-9 KM718B90-10 KM718B90-12 


T (Sequential Burst) 


i t 
KM718BV87-9 KM718BV87-10 KM718BV87-12 


T interleave! Burst, Glue) 


i t 
KM718BV90-9 KM718BV90-10 KM718BV90-12 


(Sequential Burst, Glue) 


ft a i ; 
KM74B4006-10 KM74B4006-12 KM74B4006-15 


* > New Product t : Preliminary Product tT : Advanced Information 


A : Last Time by Product 
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1.5 MASK ROM 
Standard Product 


CMOS 256K bit 32K x 8 KM23C256(G)-12 
512K bit 64K x8 KM23C512(G)-12 
128K x 8 KM23C1000-12 


KM23C1001-12 KM23C1001-15 KM23C1001-20 


KM23C256(G)-15 KM23C256(G)-20 
KM23C512(G)-15 KM23C512(G)-20 


KM23C1000-15 KM23C1000-20 





KM23C1010(G)-12 KM23C1010(G)-15 KM23C1010(G)-20 


KM23C1011(G)-12 KM23C1011(G)-15 KM23C1011(G)-20 








KM23C2000A(G)-10 KM23C2000A(G)-12 KM23C2000A(G)-15 
i i i 

KM23C2000B(G)-10 KM23C2000B(G)-12 KM23C2000B(G)-15 

KM23C2001A(G)-10 KM23C2001A(G)-12 KM23C2001A(G)-15 
i i i 

KM23C2001B(G)-10 KM23C2001B(G)-12 KM23C2001B(G)-15 





256K x 8/ 
128K x 16 








512K x8 KM23C4000B(G)-10 . KM23C4000B(G)-12 KM23C4000B(G)-15 








KM23C4200B-12 KM23C4200B-15 KM23C4200B-20 





—- 
— 


+ 


KM23C4200C-10 KM23C4200C-12 KM23C4200C-15 


1 i if 
KM23C4000C(G)-10 KM23C4000C(G)-12 KM23C4000C(G)-15 
KM23C4001B(G)-10 KM23C4001B(G)-12 KM23C4001B(G)-15 
1 i} i} 
KM23C4001C(G)-10 KM23C4001C(G)-12 KM23C4100B(G)-15 
512K x 8/ KM23C4100B(G)-10 
ae (G)- KM23C4100B(G)-12 KM23C4100B()-15 
i t if 
KM23C4100C(G)-10 KM23C4100C(G)-12 KM23C4100C(G)-15 





ie) 
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CMOS | aM bit | KM23C8000B(G)-10 —-y KM23C8000B(G)-12 


* * 


KM23C8000B(G)-15 


+ 





KM23C8000C(G)-12 KM23C8000C(G)-15 KM23C8000C(G)-20 
KM23C8001B(G)-10 KM23C8001B(G)-12 KM23C8001B(G)-15 
KM23C8001C(G)-12 KM23C8001C(G)-15 KM23C8001C(G)-20 





KM23C8100B(G)-15 


16M bit 





32M bit 
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64M bit KM23C64000G-20 


KM23C64200SG-20 






* : New Product 
+ : Under Development 


Page Mode Product 


CMOS 5IKcie [| KM23C81058(G)-10 KM23C8105B(G)-12 KM23C8105B(G)-15 
1em bit { 2Mx8 Lt xwescte005aa)-12 11 KM23C16005A(G)-15 [4 KM23C16005A(G)-20 | - 


32M bit 2M x 16 KM23C32005-15 KM23C32005-20 * KM23C32005-25 
i i i 
KM23C32005A-10 KM23C32005A-12 KM23C32005A-15 


KM23C32005(G)-20 KM23C32005(G)-25 - 
KM23C32005AG-10 KM23C32005AG-12 KM23C32005AG-15 


i i i 
aM By [-] KM23C32205ASG-10 |-} KM23C32205ASG-12 |-} KM23C32205ASG-15 
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Low Voltage Product 





KM23V4000B(G)-25 
KM23V4001B(G)-25 


KM23V4100B(G)-25 


KM23V8000B(G)-30 
KM23V8001 B(G)-30 


KM23V8100B(G)-20 KM23V8100B(G)-30 
16M bit KM23V16101A-20 KM23V16101A-25 KM23V16101A-30 




























KM23V16000A(G)-30 


* + New Product 
} : Under Development 
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1.6 EEPROM 
*Serial EEPROM 


CMOS 64 x 16 KM93C46/V/| . KM93C46G/VG/I KM93C46GD/VGD/| 


128 x 16 

















KM93C56/V/| KM93C56G/VG/I 


KM93C57G/VG/I KM93C57GD/VGD/| 
256 x 16 KM93C66/V/I KM93C66G/VG/I KM93C66GD/VGD/I 


KM93C56GD/VGD/| 


KM93C57/V/| 








KM93C67/V/| KM93C67G/VGA _ KM93C67GD/VGD/ 


*Parallel EEPROM 


ons ene 


KM28C65A/J/I-12 


KM28C64A/J/I-15 KM28C64A/J/I-20 


KM28C65A/J/I-15 KM28C65A/J/I-20 


KM28C64B/J/|-12 KM28C64B/J/I-15 KM23C256(G)-20 





KM28C65B/J/I-12 KM28C65B/J/I-15 KM28C65B/J/-20 


1.7 Flash 


CMOS IM bit - 128K x 8 KM29C010/J/T-10 KM29C010/J/T-12 KM29C010/J/T-15 


16M bit 2M x8 © KM29N16000/T/TS * 


j 
32M bit 4M x8 


* : New Product 
{ : Preliminary Product 


KM29N16000/R/RS 





KM29N32000/T/TS KM29N32000/R/RS 
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2. PRODUCT GUIDE 
2.1 Dynamic RAM 


boon] on [S| mew fom] ream | 


iMbit |1Mxt  |sv+10% 60/70/80 |Fast Page Cee 
. , J:20 Pin SOU 
2:20 Pin ZIP 
. V:20 Pin TSOP-I (Forward) 
VR:20 Pin TSOP-I (Reverse 


T:20 Pin TSOP-II (Forward) 
4M bit 5V+10% 50/60/70/80|Fast Page 
Static Column 
3.3V+10%| 


TR:20 Pin TSOP-H (Reverse 
60/70/80 |Fast Page 
1Mx4 |5V+10% 
KM44C1004CL# 











KM4101000C# 
KM41C1000CL# 
KM41C1000CSL# 
KM44C256C# 
KM44C256CL# 
KM44C256CSL# 
KM41C4000C# 
KM41C4000CL# 
KM41C4000CSL# 
KM41C4002C# 
KM41V4000C# 
KM41V4000CL# 
KM41V4000CLL# 
KM44C1000C# 
KM44C1000CL# 
KM44C1000CSL# 
KM44C1010C# 
KM44C1002C# 
KM44C1003C# 
KM44C1003CL# 
KM44C1003CSL# 
KM44C1004C# 































































P:20 Pin DIP 
50/60/70/80|Fast Page 
Fast Page with WPB 
Static Column 
Quad CAS 
KM44C1004CSL# 


J:20 Pin SOJ 
3.3V+10%] KM44V1000C# 60/70/80 |Fast Page 


Z:20 Pin ZIP 

V:20 Pin TSOP-I (Forward) 
KM44V1000CL# 
KM44V1000CLL# 


VR:20 Pin TSOP-I (Reverse 
KM44V1004C# EDO 


T:20 Pin TSOP-II (Forward) 
KM44V1004CL# 
os 





TR:20 Pin TSOP-II (Reverse 
KM44V1004CLL# 


KM48C512B# 
KM48C512BL# 


4M B/W j512Kx8 |5V+10% 
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Dynamic RAM 


4M B/W [512Kx8 |[5V+10% 


3.3V+10% 



























ree [Ee 
(#) 


50/60/70/80} Fast Page J:28 Pin SOJ 


Z:28 Pin ZIP 
60/70/80 | Fast Page 
EDO 


T:28 Pin TSOP-II (Forward) 
. 512Kx9 15V+10% 60/70/80 ‘| Fast Page 
KM416C157BL# 


TR:28 Pin TSOP-II (Reverse 
256Kx16/5V+10% 50/60/70/80} Fast Page 
KM416C157BLL# 


3.3V+10% KM416V256B4 _|eov70/80 ‘| Fast Page 
KM416V256BL# 
KM416V256BLL# 
KM416V254B# EDO 
KM416V254BL# 
KM416V254BLL# | 
256Kx18/5V+10% |KM418C256B4 |60/70/80_| Fast Page 
KM418C256BL# 
KM418C256BLL# 
16M bit KM41C16000A# 


KM41C16000AL# 


KM41C16000ALL# 
em . 
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KM48C512BLL# 
KM48C514B# 
KM48C514BL# 
KM48C514BLL# 
KM48V512B# 
KM48V512BL# 
KM48V512BLL# 
KM48V514B# 
KM48V514BL# 
KM48V514BLL# 
KM49C512B# 
KM49C512BL# 
KM49C512BLL# 
KM416C256B# 
KM416C256BL# 
KM416C256BLL# 
KM416C254B# 
KM416C254BL# 
KM416C254BLL# 
KM416C156B# 
KM416C156BL# 
KM416C156BLL# 
KM416C157B# 
















Fast Page with 2WE 














J:24 Pin SOJ 
(400mil) 

T:24 Pin TSOP-I! (Forward) 
400mil 
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Dynamic RAM 


poe] om [Sag | Pete Frei] roe | 


























































































































16Mx1 |5v210% |km41C16002A# _|50/60/70/80) Static Column(4k) _|TR:24 Pin TSOP-lI (Reverse 
3.3V4109%4KM41V16000A# 60/70/80 | Fast Page(4K) (400mil) 
KM41V16000AL# K: 24 Pin SOJ 
KM41V16000ALL# (300mil) : 
KM41V16000ASL# S: 24 Pin TSOP-II(Forward) 
4Mx4 |5V+10% |KM44C4000A# 50/60/70/80} Fast Page(4K) (300mil) 
KM44C4000AL# SR: 24 Pin TSOP-II(Reverse 
~ |KM44C4000ALL# (300mil) 
KM44C4000ASL# 
KM44C4100A# | Fast Page(2K) |. 
KM44C4100AL# 
KM44C4100ALL# 
KM44C4100ASL# 
KM44C4002A# Static Column(4k) 
KM44C4102A# Static Column(2K) 
IKM44C4003A# Quad CAS(4K) 
KM44C4003AL# 
KM44C4003ALL# ; 
KM44C4003ASL# 
KM44C4103A# Quad CAS(2K) 
KM44C4103AL# : 
KM44C4103ALL# i 
KM44C4103ASL# 
KM44C4004A# EDO(4k) 
KM44C4004AL# 
KM44C4004ALL# 
KM44C4004ASL# 
KM44C4104A# EDO(2K) 
KM44C4104AL# 

KM44C4104ALL# 
KM44C4104ASL# 
KM44C4010A# Fast Page with WPB 
KM44C4010AL# (4K) 
KM44C4010ALL# 
KM44C4010ASL# 
KM44C4110A# Fast Page with WPB 
KM44C4110AL# (2K) 
KM44C4110ALL# 

KM44C4110ASL# 
KM44C4005A# _ . 
KM44C4005AL# EDO with Quad CAS 

KM44C4005ALL# (4K) 








«ci? ae: 
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Dynamic RAM 


Penaiy| Ore | Suppy | Par umber [Speedie] Feauree | Pe 


4Mx4 |5V+10% | KM44C4005ASL# |50/60/70/80 J: 24 Pin SOJ 
KM44C4105A# (400mil) 
KM44C4105AL# 
KM44C4105ALL# 
KM44C4105ASL# 
3.3V£10%| KM44V4000A# | 60/70/80 
KM44V4000AL# 
KM44V4000ALL# 
KM44V4000ASL# 
KM44V4100A# 
KM44V4100AL# 
KM44V4100ALL# 
KM44V4100ASL# 
| KM44v4004A# 
KM44V4004AL# 
KM44V4004ALL# 
KM44V4004ASL# 
KM44V4104A# 
KM44V4104AL# 
KM44V4104ALL# 
KM44V4104ASL# 
il KM48C2000A# _{50/ 60/70/80 


T:24 Pin TSOP-II (Forward) 
KM48C2000AL# 
en : 


(400mil) 
KM48C2000ALL# 
ELECTRONICS 


































EDO with Quad CAS 
(2K) 















Fast Page(4K) 
















Fast Page(2K) 


EDO(4KO 


EDO(2K) 















J:28 Pin SOJ 
T:28 Pin TSOP-II (Forward) 
TR:24 Pin TSOP-II(Reverse 





Fast Page(4K) 









TR:24 Pin TSOP-II (Reverse 
KM48C2000ASL# 


(400mil) 
K: 24 Pin SOJ 
(300mil) 
$:24 Pin TSOP-II (Forward) 
KM48C2100A# 
KM48C2100AL# 
KM48C2100ALL# 
KM48C2100ASL# 


(300mil) 
SR:24 Pin TSOP-II(Reverse) 
(300mil) 
KM48C2004A# 
KM48C2004AL# 
KM48C2004ALL# 
KM48C2004ASL# 
KM48C2104A# 
KM48C2104AL# 
KM48C2104ALL# 
KM48C2104ASL# 









Fast Page(2k) 














EDO(4K) 











EDO(2K) 
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Dynamic RAM 


pean] oo [ag ew Freee] eee] 


3.3V£10% KM48V2000A# 60/70/80 | Fast Page(4k) J:28 Pin SOJ 


T:28 Pin TSOP-II (Forward) 
5V+10% 


TR:28 Pin TSOP-II(Reverse} 
3.3V+10% 
ELECTRONICS 


















KM48V2000AL# 


























KM48V2000ALL# 
KM48V2100A# 
KM48V2100AL# 
KM48V2100ALL# 
KM48V2004A# 
KM48V2004AL# 
KM48V2004ALL# 
KM48V21 O4A¥ 


Fast Page(2K) 


EDO(4K) 





EDO(2K) 
KM48V2104AL# 
KM48V2104ALL# 
KM416C1000A# 
KM416C1000A#-L 
KM416C1000A#-F 
KM416C1200A# 
KM416C1200A#-L 
KM416C1200A#-F 








60/70/80 | Fast Page(4K) 














J:42 Pin SOJ 
T:44 Pin TSOP-II (Forward) 
R:44 Pin TSOP-II(Reverse) 


Fast Page(1K) 


KM416C1004A# EDO(4K) 
KM416C1004A#-L 
KM416C1004A#-F 
KM416C1204A# 

KM416C1204A#-L 
KM416C1204A#-F 


KM416V1000A# 











EDO(1K) 








60/70/80 | Fast Page(4K) 


KM416V1000A#-L 





KM416V1000A#-F 
Fast Page(1K) 





KM416V1200A# 






KM416V1200A#-L 


| KM416V1200A#-F 
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Dynamic RAM 


boon] om [Sag] Pet Pom] rear | 


16M B/W 3.3Vt10%] KM416V1004A# | 50/60/70 | EDO(4K) J:42 Pin SOJ 
~ 1KM416V1004A#-L T:44 Pin TSOP-II (Forward) 
. KM416V1004A#-F R:44 Pin TSOP-II(Reverse) 
KM416V1204A# EDO(1K) . 
KM416V1204A#-L 
KM416V1204A#-F 


| 3.3V+10% KM48V8000#. 50/60/70 | Fast Page(8K) J:34 Pin SOJ 


















































KM48V8000#-L T:34 Pin TSOP-I! (Forward) 


KM48V8000#-F R:34 Pin TSOP-II(Reverse) 
KM48V8100# 


KM48V8100#-L 
KM48V8100#-F 
KM48V8004# 

KM48V8004#-L 
KM48V8004#-F 
KM48V8104# 

KM48V8104#-L 
KM48V8104#-F 


















Fast Page(4K) 
















EDO(8kK) 


















EDO(4K) 
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2.2 Dynamic RAM Module 


PCB Refresh 





DRAM SIMM Based on 4M DRAM 

















60/70/80 | S,30 Pin SIMM 
60/70/80 | S,30 Pin SIMM 
60/70/80 | S,72PinSIMM 
60/70/80 S, 72 Pin SIMM 
50/60/70/80 | S, 72 Pin SIMM 
60/70/80 | D,72 Pin SIMM 
60/70/80 | S, 72 Pin SIMM 
50/60/70/80 | S, 72 Pin SIMM 
50/60/70/80 | S, 72 Pin SIMM 
50/60/70/80 | S, 72 Pin SIMM 
50/60/70/80 | D, 72 Pin SIMM 
60/70/80 D, 72 Pin SIMM 
50/60/70/80 | D, 72 Pin SIMM 
50/60/70/80 | D, 72 Pin SIMM 
50/60/70/80 | D, 72 Pin SIMM 
50/60/70/80 | D, 72 Pin SIMM 
50/60/70/80 | D, 72 Pin SIMM 
50/60/70/80 | D, 72 Pin SIMM 





1Mx8 | KMM581000CN [FP 

1Mx9 KMM591000CN F/P 

4Mx8 KMM584000C F/P 

4Mx9 KMM594000C F/P 

1Mx32 | KMM5321000CV/CVG F/P 

1Mx33 | KMM5331000C/CG F/P 

1Mx36 | KMM5361000C2/C2G F/P, PLCC 

1Mx36 | KMM5361000CH F/P, ECC 

1Mx36 | KMM5361003C/CG F/P. QCAS 

1Mx40 | KMM5401000C/CG/CM F/P. ECC 

2Mx32. | KMM5322000CV/CVG F/P 

2Mx36 | KMM5362000C2/C2G F/P, PLCC 

2Mx36 | KMM5362000CH F/P, ECC 

2Mx36 | KMM5362008C/CG F/P, QCAS 

2Mx40 | KMM5402000C/CG/CM F/P, ECC 

4Mx32. | KMM5324000CV/CVG Double Nocth 

4Mx33_ | KMM5334000CV/CVG Double Nocth 

4Mx36 | KMMS5364000C/CG___|_Double Nocth 
DRAM SIMM Based on 4M B/W DRAM 

256Kx32 | KMM532256BW/BWG 

256Kx36 | KMM536256BW/BWG 

512Kx32 | KMM532512BW/BWG 

512Kx36_ | KMM536512BW/BWG 

















60/70/80 | S,72PinSIMM 
60/70/80 | S, 72 Pin SIMM 
60/70/80 ‘| D, 72 Pin SIMM 
60/70/80 | D, 72 Pin SIMM 











4Mx8 
4Mx9 
4Mx9 
16Mx8 
16Mx8 
16Mx9 
16Mx9 
4Mx32 





DRAM SIMM Based on 16M DRAM 


KMM584100AN 
KMM584100AKN 
KMM594100AN 
KMM594100AN 
KMM5816000A/AT 
KMM5816000AK 
KMM5916000A/AT 
KMM5916000AK 
KMM5324100AV/AVG 
KMM5324000AV/AVG 
















50/60/70/80 
50/60/70/80 
50/60/70/80 
50/60/70/80 
50/60/70/80 
50/60/70/80 
50/60/70/80 
50/60/70/80 
50/60/70/80 
50/60/70/80 



































KMM5324100AK/AKG 
KMM5324000AK/AKG 
KMM5334100A/AG 





50/60/70/80 
50/60/70/80 


50/60/70/80 | D, 72 Pin SIMM 
























































2048/32 





















650 1024/16 
650 1024/16 
805 1024/16 NOW 
805 1024/16 NOW 
855 1024/16 NOW 
1000 | 1024/16 NOW 
1000 | 1024/16 NOW 
1000 | 1024/16 NOW 
1000 |; 1024/16 NOW 
1000 |) 1024/16 NOW 
1000 | 1024/16 NOW 
1000 | 1024/16 NOW 
1000 | 1024/16 NOW 
1000 | 1024/16 NOW 
1000 | 1024/16 NOW 
1290 | 1024/16 NOW 
1290 | 1024/16 NOW 
1290 | 1024/16 NOW 
1000 | 512/8 NOW 
1000 | 512/8 NOW 
1000 | 512/8 NOW 
1000 | 512/8 NOW 
S, 30 Pin SIMM 2048/32 NOW 
S, 30 Pin SIMM 2048/32 '94,4Q 
S, 30 Pin SIMM 2048/32 NOW 
S, 30 Pin SIMM 2048/32 ‘94, 4Q 
D, 30 Pin SIMM | 4096/64 NOW 
D, 30 Pin SIMM 4096/64 '94,4Q 
D, 30 Pin SIMM 4096/64 NOW 
D, 30 Pin SIMM 4096/64 '94,4Q 
S, 72 Pin SIMM 2048/32 NOW 
S, 72 Pin SIMM 4096/64 NOW 
S, 72 Pin SIMM 2048/32 NOW 
S, 72 Pin SIMM 4096/64 
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2.2 Dynamic RAM Module (Continued) 










































































Feature Speed(ns) Package 
eight} cycle/ms 
DRAM SIMM Based on 16M DRAM 
4Mx36 KMM5364100A/AG ° F/P ) 50/60/70/80 | D,72PinSIMM | 1000 | 2048/32 NOW 
4Mx36 KMM5364100A1/A1G F/P 50/60/70/80 | S,72 PinSIMM | 1250 | 2048/32 NOW 
4Mx36 KMM5364100AH/AHG F/P, ECC 50/60/70/80 | S,72 PinSIMM | 1000 | 2048/32 NOW 
4Mx36 KMM5364000AH/AHG F/P, ECC 50/60/70/80 | S,72 PinSIMM | 1000 | 4096/64 NOW 
4Mx36 KMM5364100AKH/AKHG F/P, ECC 50/60/70/80 | S, 72 PinSIMM | 1000 | 2048/32 ‘94, 4Q 
4Mx36 KMM5364000AKH/AKHG~|_-F/P, ECC 50/60/70/80 | S,72 PinSIMM | 1000 | 4096/64 ‘94, 4Q 
4Mx36 KMM5364103AK/AKG F/P, QCAS 50/60/70/80 | S,72PinSIMM | 1000 | 2048/32 NOW 
4Mx36 KMM5364003AK/AKG F/P, QCAS 50/60/70/80 | S,72 PinSIMM | 1000 | 4096/64 NOW 
4Mx39 KMM5394100AM F/P 50/60/70/80 | S,72 PinSIMM | 1000 | 2048/32 NOW 
4Mx39 KMM5394000AM F/P 50/60/70/80 | S,72 PinSIMM | 1000 | 4096/64 NOW 
4Mx40 KMM5404100A/AG F/P, ECC 50/60/70/80 | S,72 PinSIMM | 1000 | 2048/32 NOW 
4Mx40 | KMMS5404000A/AG  - F/P, ECC 50/60/70/80 | S, 72 Pin SIMM 1000 | 4096/64 NOW 
4Mx40 KMM5404100AK/AKG F/P, ECC 50/60/70/80 | S,72 PinSIMM | 1000 | 2048/32 '94,4Q 
4Mx40 KMM5404000AK/AKG F/P, ECC 50/60/70/80 | S,72 PinSIMM | 1000 | 4096/64 ‘94, 4Q 
8Mx32 KMM5328100AV/AVG F/P 50/60/70/80 | D, 72 PinSiIMM | 1000 | 2048/32 NOW 
8Mx32 KMM5328000AV/AVG F/P 50/60/70/80 | D,72PinSIMM | 1000 | 4096/64 NOW 
8Mx32 KMM5328100AK/AKG F/P 50/60/70/80 | D,72 PinSIMM | 1000 | 2048/32 NOW 
8Mx32 KMM5328000AK/AKG F/P 50/60/70/80 | D,72PinSIMM | 1000 | 4096/64 NOW 
8Mx33 KMM5338100AKV/AKVG F/P 50/60/70/80 | D,72 PinSIMM | 1000 | 2048/32 NOW 
8Mx36 KMM5368100A1/A1G F/P 50/60/70/80 | D,72PinSIMM | 1375 | 2048/32 NOW 
8Mx36 KMM5368100AH/AHG F/P, ECC 50/60/70/80 | D, 72 PinSIMM | 1250 | 2048/32 NOW 
8Mx36 KMM5368000AH/AHG F/P, ECC 50/60/70/80 | D,72PinSIMM | 1250 | 4096/64 NOW 
8Mx36 KMM5368100AKH/AKHG F/P, ECC 50/60/70/80 | D,72PinSIMM | 1000 | 2048/32 '94, 4Q 
8Mx36 KMM5368000AKH/AKHG F/P, ECC 50/60/70/80 | D,72 Pin SIMM | 1000 | 4096/64 ‘94, 4Q 
8Mx36 KMM5368103AK/AKG ——|:~F/R. QCAS 50/60/70/80 | D,72PinSIMM | 1000 | 2048/32 NOW 
8Mx36 KMM5368003AK/AKG F/P, QCAS 50/60/70/80 | D,72PinSIMM | 1000 | 4096/64 NOW 
8Mx40 KMM5408100AK/AKG F/P, ECC 50/60/70/80 | D,72PinSIMM | 1000 | 2048/32 ‘94, 4Q 
8Mx40 KMM5408000AK/AKG F/P, ECC 50/60/70/80 | D,72PinSIMM | 1000 | 4096/64 '94, 4Q | 
DRAM SIMM Based on 16M B/W DRAM 
1Mx32 KMM5321200AW/AWG F/P | 60/70/80 D, 72 Pin SIMM 1000 | 1024/16 NOW 
1Mx32 KMM5321000AW/AWG F/P 60/70/80 D, 72 PinSIMM | 1000 | 4096/64 NOW 
1Mx32 KMM5321203AW/AWG F/P 60/70/80 D, 72 PinSIMM | 1000 | 1024/16 NOW 
2Mx32 KMM5322200AW/AWG F/P 60/70/80 D, 72 PinSIMM | 1000 | 1024/16 NOW 
2Mx32 KMM5322000AW/AWG ‘| F/P 60/70/80 D,72 PinSIMM | 1000 | 4096/64 NOW 
2Mx32 KMM5322103AU/AUG F/P, QCAS 60/70/80 D, 72 Pin SIMM 2048/32 NOW 
2Mx32 KMM5322208AU/AUG F/P, AND 60/70/80 S, 72 Pin SIMM 1024/16 NOW 
2Mx36 KMM5362209AU/AUG F/P, AND 60/70/80 S, 72 Pin SIMM 1024/16 NOW 
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2.3 Video RAM 


KM424C256A 256Kx4 28Pin ZIP/SOJ NOW 
KM424C257 256Kx4 28Pin ZIP/SOJ 
KM428C128 . 428Kx8 40Pin SOJ/TSOP- I 








































KM428C256 o56K x8 60/70/80 
KM428V256 256K x8 70/80 

“KM428C257 256K x8 60/70/80 40Pin SOJ/TSOP- I 
KM4280258 256K x 8 60/70/80 40Pin SOJ/TSOP- I 
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40Pin SOJ/TSOP- I 
40Pin SOJ/TSOP- I 
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2.4 Static RAM 
























































Low power SRAM 
Power Dissipation “| 
Den. Part Name Org. Speed(ns)} Technology| Active Standby Package 
Max.(mA) | Max.(#A) 
1 
64K KM6264BL/BL-L 8K x8 70/100/120 | CMOS 55 100/50 | DIP/SDIP/SOP 
; ——f—— — 
256K KM62256BL/BL-L 32K x8 | 70/85/100/120 | CMOS 70 100/20 DIP/SDIP/SOP/TSOP 
: KM62256BLI/BLI-L 32K x 8 70/100 CMOS 70 100/20 DIP/SOP 
* KM62256CL/CL-L 32K x8 | 55/70/85/100 | CMOS 70 100/20° DIP/SDIP/SOP/TSOP 
* KM62256CLI/CLI-L 32K x 8 70/100 CMOS 70 100/20 SOP/TSOP 
Toes 
512K KM68512L/L-L 64K x 8 70/85/100 CMOS 70 100/20 SOP/TSOP 
* KM68512AL/AL-L 64K x 8 55/70 CMOS 70 100/20 _ SOP/TSOP 
1 ey 
1M * KM681000BL/BL-L 128K x 8 | 55/70/85/100 | CMOS 70 100/20 DIP/SOP/TSOP 
* KM681000BLI/BLI-L | 128Kx8 70/100 CMOS 70 100/20 SOP/TSOP 
4m | * KM684000L/L-L 512K x8 | 55/70/85/100 | cmos} 70 | 100/20 | DIP/SOP/TSOP 
* KM684000LI/LI-L 512K x 8 70/85/100 CMOS 70 100/50 SOP/TSOP 
Low Voltage SRAM 
Power Dissipation ; 
Den. Part Name Org. Speed(ns) Technology| Active Standby Package 
Max.(mA) | Max.(«A) 
+ KM62256CL-LV 20/10 SOP/TSOP 








+ KM68V1000BL/BL-L 








128K x8 





70/100 























SOP/TSOP 





















































4M — | tf KM68V4000AL/AL-L | 512Kx8 | 70/100/120 SOP/TSOP 
4 ‘ 
tt KM616V4000AL/AL-L | 256K x 16 70/100 CMOS 70 50/10 SOP/TSOP 
Low Voltage SRAM 
| Power Dissipation | 
Den. Part Name Org. Speed(ns) Technology| Active Standby Package. 
Max.(mA) | Max.(A) 
1M KM658128A/AL/AL-L | 128K x 8 | g0/100/120 | CMOS; 70 | 100/20 | DIP/SOP 














*:New Product f : Preliminary Product ff{:UnderDevelopment A : Last Time by Product 





47 


Penn SUN 


ELECTRONICS 


MEMORY ICs 


FUNCTION GUIDE 





High speed & Ultra High Speed SRAM 














































Power Dissipation 




















































































Den. Part Name Org. Speed(ns) - Active Standby Package 
Max.(A) 
64K KM6465B 16K x 4 12/15/20/25 1 22 SDIP 
KM6466B 16K x 4 12/15/20/25 1 24 SDIP/SOJ 
KM6865B 8K x8 12/15/20/25 1 28 SDIP/SOJ 
256K | A KM64258B 64K x 4 15/20/25 CMOS 140 2 28 SDIP/SOJ 
KM64258C 64K X 4 12/15/20 CMOS 140 2 28 SOJ 
KM64V258C 64K x 4 15/17/20 CMOS 110 2 28 DIP/SOJ 
* KM64B261A 64K x 4 6/7/8 BiCMOS 160 20 28 SOJ 
* KM64B258A 64K x 4 8/10/12 BiCMOS 185 20 28 SOU 
ZA KM68257B 32K X 8 15/20/25 CMOS 150 2 28 DIP/SOJ 
KM68257C 32K X 8 12/15/20 CMOS 150 2 28 DIP/SOJ 
KM68V257C 32K X 8 15/17/20 CMOS 110 2 28 DIP/SOJ 
‘| * KM68B261A 32K x 8 6/7/8 CMOS 170 20 32 SOU 
* KM68B257A 32K x 8 8/10/12 CMOS 185 20 28 SOU 
Z\ KM68V257 32K x 8 20/25/35 CMOS 90 0.1 28 DIP/SOJ 
1M A KM611001 1iMx1 20/25/35 CMOS 130 2 28 DIP/SOJ 
KM641001 256K x4 | 17/20/25/35 | CMOS 150 2 28 SDIP/SOJ 
KM641003 256K x 4 15/17/20 CMOS 170 10 32 SOJ 
tt KM641003A 256K x4 | 12/15/17/20 | CMOS 185 3/0.2 32 SOJ/TSOP (I) 
TT KM64V1003A 256K x4 | 12/15/17/20 | CMOS 95 2/0.1 32 SOJ/TSOP (II) - 
* KM64B1003 256K x 4 8/10/12/15 | BiCMOS 165 10 32 SOJ 
KM681001 128K x 8 20/25/35 CMOS 170 2 32 SDIP/SOJ 
KM681002 128K x 8 15/17/20 CMOS 170 10 32 SOJ/TSOP(I) 
tft KM681002A 128K x8 | 12/15/17/20 | CMOS 185 3/0.2 32 SOJ/TSOP (Il) 
tt KM68V1002A 128K x8 | 12/15/17/20 | CMOS 95 2/0.1 32 SOJ/TSOPi(l) 
* KM68B1002 128K x8 | 8/9/10/12/15 | BiCMOS 175 10 32 SOJ/TSOP (Il) 
KM6161002 64K x 16 15/17/20 CMOS 230 10 44 SOJ/TSOP(Il) 
tt KM6161002A 64K x 16 12/15/20 CMOS 250 3/0.2 44 SOJ/TSOP(I) 
Tt KM616V1002A 64K x16 | 13/15/17/20 | CMOS 170 2/0.1 44 SOJ/TSOP(Il) 
4M KM644002/L 1IMx4 17/20/25 170 10/0.5 32 SOU 
+t KM68B4002 1Mx4 10/12/15 180 60/30 32 SOU 
tt KM68BV4002 1Mx4 12/15/20 170 60/30 32 SOJ 
KM684002/L 512k x8 17/20/25 160 10/0.5 36 SOJ 
+t KM68B4002 512K x8 10/12/15 200 60/30 36 SOU 
tt KM68BV4002 512K x8 12/15/20 180 60/30 36 SOU 
KM6164002/L 256K x 16 20/25/35 160 10/0.5 44 SOJ 
t+ KM616B4002 256K x 16 10/12/15 240 60/30 44 SOU/54 SOU 
tt KM616BV4002 256K x 16 12/15/20 200 60/30 44 SO0U/54 SOJ 


* + New Product 


1 : Preliminary Product 


tt : Under Development 








A : Last Time by Product 
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Speciality SRAM 
ae | Power Dissipation 
Den. Part Name Org. Speedins) | Technology| Active | Standby Package 
Max.(mA) | Max.(/A) 
288K | A KM79C86 32K x 9 14/19/24 CMOS 190 50 44 PLCC 
1M KM741006 256K x 4 6.5/7/8 CMOS 190 40 46 SOU 
Tt KM718B86 a 64K x18 | 9/10/12 BiCMOS 280 80 52 PLCC 
+ KM718B91 64K x 18 9/10/12 BicMos| 280 | 80 52 PLCC 
+ KM718BV87 ~_| 64K x 18 9/10/12 BiCMOS| 280 80 | 52 PLCC 
+ KM718BV91 64K x 18 9/10/12 sence a0 | 80 52 PLCC ~ | 





*:New Product f : Preliminary Product j{{: Under Development A : Last Time by Product 
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2.5. MASK ROM 
Capacity Part Number Organization| Speed(ns) | Technology | Features | Package Remark 
256K KM23C256(G) © 32K x 8 120/150/200 Programmable CE & OE | 28DIP(32SOP) 
| 512K | km2a0512(@) 64K x 8 120/150/200 Programmable CE & OE | 2eDIP(280P) NOW 
1M KM23C1000 128K x 8 201 50/200 Programmable CE 28DIP NOW 
KM23C1001 128K x8 | 120/150/200 Programmable OE 28DIP NOW 
KM23C1010(G) 128K x8 | 120/150/200 Programmable CE & OE } 32DIP(32SOP) NOW 
KM23C1011(G) 128K x 8 120/150/200 Programmable OE 32DIP(32SOP) | NOW | 
KM23C2000A(G) 256K x8 — | 100/120/150 Programmable CE & OE | 32DIP(32SOP) NOW 
2M KM23C2001A(G) 256K x 8 100/120/150 Programmable OE 32DIP(32SOP) NOW 
KM23C2100A 256K x 8/ | 100/120/150 Programmable CE & OE | 40DIP. NOW 
128K x 16 | Word/Byte Mode NOW 
[1 kw2a¢20008%6) 256K x 8 100/120/150 Programmable CE & OE | 32DIP(32SOP) | 4Q.'94 
+ KM23C2001B(G) 256K x 8 100/120/150 Programmable OE 32DIP(32SOP) 4Q.'94 
1 KM23C2100B 256K x 8/ | 100/120/150 Programmable CE & OE | 40DIP 4Q.'94 
128K x 16 Word/Byte Mode a 
a KM23C4000B(G) 512K x8 100/120/150 Programmable CE & OE | 32DIP(32SOP) NOW 
KM23C4001B(G) 512K x 8 100/120/150 Programmable OE 32DIP(32SOP) NOW 
KM23C4100B(G) 512K x 8/ | 100/120/150 Programmable CE & OE | 40DIP(40SOP) NOW 
256K x 16 Word/Byte Mode 
KM23C4200B 512K x 8/ | 100/120/150 Programmable CE & OE | 40DIP NOW 
256K x 16 Word/Byte Mode 
+KM23C40000(G) 512K x8 100/120/150 | CMOS Programmable CE & OE | 32DIP(82SOP) 4Q.'94 
tT KM23C4001C(G) 512K x8 100/120/150 | CMOS _ | Programmable OE 32DIP(382SOP) 4Q,'94 
+ KM23C4100C(G) 512K x 8/ | 100/120/150 | CMOS | Programmable CE & OE | 40DIP(40SOP) 4Q.'94 
256K x 16 Word/Byte Mode 
TRMZ20 92000 512K x 8/ | 100/120/150| CMOS. | Programmable CE &OE | 40DIP 4Q.'94 
| 256K x 16 Word/Byte Mode 
* KM23V4000B(G) 512K x 8 150/200/250 | CMOS [sav Operation ; | 32DIP(32SOP) NOW 
* KM23V4001B(G) 512K x 8 150/200/250 | CMOS | 3.3V Operation 32DIP(32SOP) NOW 
* KM23V4100B(G) 512K x 8/ | 150/200/250 | CMOS _ | 3.3V Operation 40DIP(40SOP) NOW 
256K x 16 L 
8M KM23C8000B(G) 1Mx8 100/120/150 | CMOS | Programmable CE & OE | 32DIP(2SOP) NOW 
KM23C8001B(G) 1Mx8 100/120/150.) CMOS | Programmable OE 32DIP(32SOP) NOW 
KM23C8100B(G) 1M x 8/ 100/120/150 | CMOS | Programmable CE & OE | 42DIP(44SOP) NOW 
, 512K x 16 Word/Byte Mode 
a 
* KM23C8000C(G) 1IMx8 120/150/200 | CMOS | Programmable CE & OE | 32DIP(32SOP) NOW 
* KM23C8001C(G) 1Mx8 120/150/200 | CMOS | Programmable OE 32DIP(32SOP) NOW 
* KM23C8100C(G) 1M x 8/ 120/150/200 | CMOS | Programmable CE & OE | 42DIP(44SOP) NOW 
. 512K x 16 Word/Byte Mode 
KM23C8105B(G) 1M x 8/ 400/120/150 | CMOS | 4Word Page 42DIP(44SOP) NOW 
512K x 16 (tP>50) 
* KM23V8000B(G) [ 1Mx8 200/250/300 | CMOS | 3.3V Operation 32DIP(382SOP) NOW 
* KM23V8001 B(G) 1Mx8 200/250/300 | CMOS _ | 3.3V Operation 32DIP(32SOP) NOW 
* KM23V8100B(G) 1M x 8/ 200/250/300 | CMOS | 3.3V Operation 42DIP(44SOP) NOW 
512K x 16 . 
50 
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MASK ROM (Continued) 
Capacity Part Number Organization! Speed(ns) | Technology Features Package Remark 
16M KM23C16101A 2Mx8 120/150/200 | CMOS | Programmable OE 36DIP NOW 
KM23C16000A(G) | 2M x 8/ 120/150/200 ; CMOS | Programmable CE & OE | 42DIP(44SOP) NOW 
| 1M x 16 Word/Byte Mode 
* KM23C16101B 2Mx8 120/150/200 | CMOS _ | Programmable OE 36DIP NOW 
* KM23C16000B(G) | 2M x 8/ 120/150/200 | CMOS | Programmable CE &OE | 42DIP(44SOP) NOW 
1M x 16 Word/Byte Mode 
KM23C16005A(G) | 2M x 8/ 120/150/200 ; CMOS | 8Word Page 42DIP(44SOP) NOW 
| Mx 16 (tP > 50) 
*KM23V16101A 2M x8 200/250/300 | CMOS /; 3.3V Operation 36DIP NOW 
* KM23V16000A(G) | 2M x 8/ 200/250/300 | CMOS j 3.3V Operation 42DIP(44SOP) NOW 
1Mx 16 
32M KM23C32110 4Mx8 150/200/250 | CMOS | Programmable CE & OE | 42DIP . NOW 
KM23C32000 2M x 16 150/200/250 | CMOS | Programmable CE & OE | 42DIP(44SOP) NOW 
KM23C32000G 4M x 8/ 150/200/250 | CMOS | Programmable CE & OE | 42DIP(44SOP) NOW 
2M x 16 
1 KM23C32101A 4M x8 120/150/200 | CMOS | Programmable OE 36DIP 4Q.'94 
TKM23C32110A 4M x8 120/150/200 | CMOS _ | Programmable CE & OE | 42DIP 4Q.'94 
1 KM23C32000A 2M x 16 120/150/200 | CMOS | Programmable CE & OE | 42DIP 4Q.'94 
1 KM23C32000AG 4M x 8/ 120/150/200 | CMOS | Programmable CE & OE | 44SOP 4Q.'94 
2M x 16 Word/Byte Mode , 
KM23C32005 2M x 16 150/200/250 | CMOS _ | 8Word Page 42DIP NOW 
KM23C32005G 4M x 8/ 150/200/250 | CMOS | 8word Page 44SOP NOW 
2M x 16 
1 KM23C32005AG 4M x 8/ 100/120/150 | CMOS | 8Word Page 44SOP 1Q.'95 
2M x 16 (tP > 30) 
+t KM23C32205ASG | 2Mx 16 100/120/150 | CMOS _ | 8word Page 70SSOP 20.'95 
| 1M x 32 | (tP > 30) | | 
64M Tt KM23C64000G 8M x 8/ 120/150/200 | CMOS | Programmable CE & OE | 44SOP 30.95 
4M x 16 Word/Byte Mode 
KM23C64200SG 4M x 16/ 120/150/200 | CMOS | Programmable CE & OE | 70SSOP 3Q.'95 
2M x 32 
* > New Product 
} : Under Development 
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2.6 EEPROM/FLASH 





Speed(ns) | Technology Features | Package —_| Remark| 









































Density | | Part Number Organization 
1K bit KM93C46/G/GDA 64x16 1MHz CMOS | Self-timed 8DIP/8SOP Now 
KM93C46VVGNVGD/I 64x16 250KHz CMOS | 3.0V-Operation 8DIP/8SOP Now 
Ie bit KM93C56/G/GD/I | 428x16 | 1MHz CMOS _ | Auto Erase, Self-timed 8DIP/8SOP Now 
KM93C57/G/GD/I 128 x 16/256x8 | 1MHz CMOS | Select Organization 8DIP/8SOP 30,94 
KM93C56V/VG/VGD/I 428x16 | IMHz CMOS | 3.0V Operation 8DIP/8SOP Now 
KM93C57V/VGVGDA — | 428x 16/256x8 | 1MHz CMOS | 3.0V Operation 8DIP/8SOP Now 
4K bit KM93C66/G/GD/| 956x16 | MHz CMOS i Auto Erase, Self-timed 8DIP/8SOP Now 
KM93C67/G/GD/| 956 x 16/512x8 | IMHz CMOS _ | Select Organization 8DIP/8SOP 30,94 
KM93C66V/VG/VGD/I 256x16 | 1MHz CMOS; 3.0V Operation 8DIP/8SOP Now 
KM93C67V/VG/VGD/| 956 x 16/512x8 | IMHz CMOS _ | 3.0V Operation 8DIP/8SOP Now 
errag| is | 
64K bit | KM28C64A/AJ 8Kx8 120/150/200 CMOS _ | 64B Page Mode, D-P T-B 28DIP/32PLCC Now | 
KM28C64AI/Aul 8K x8 120/150/200 CMOS || Industrial 28DIP/32PLCC Now 
KM28C6SA/AJ_ 8K x8 120/150/200 CMOS _ | 64B Page Mode, D-P T-B R-B | 28DIP/32PLCC Now 
KM28C65AI/Aul 8Kx8 120/150/200 CMOS | Industrial 28DIP/32PLCC Now 
— 
KM28C64B/BJ 8Kx8 ‘0 20/150 CMOS | 64B Page Mode, D-P TB 28DIP/32PLCC 30,94 
KM28C64BIl/Bul 8Kx8 90/120/150 CMOS _ | Industrial 28DIP/32PLCC 30,94 
KM28C65B/BJ 8Kx8 90/120/150 CMOS _ | 64B Page Mode, D-PT-B, R-B | 28DIP/32PLCC 30,94 
KM28C65B//Bul 8Kx8 90/120/150: CMOS | Industrial 28DIP/32PLCC 30,94 
1M bit KM29C010/J/T 198Kx8 | 100/120/150 CMOS | 128B Page Mode, D-P T-B 32DIP/32PLCC Now 
16M bit | KM29N16000T/TS 2Mx8 tR= 15 us CMOS _ | 256B Page Mode 44(40)TSOP 30.94 
KM29N16000R/RS . tre = 80ns 4K Block Erase 
32M bit’ | KM29N32000T/TS 4Mx8 tR= 10 us CMOS _ | 512B Page Mode 44(40)TSOP 20.94 
' 1 KM29N32000R/RS trac = 50ns 8K Block Erase 
*D-P : Data-Polling, R/B : Ready/Busy, T-B : Toggle Bit 
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Card Style vee | Density Part No. | organization |speedine) 
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PKG 
JEIDA/JEDEC | 5.0V | 2MByte {| KMCJ532512 | 512Kx32/1Mx16{ 60/70/80 | 88 Pin Two Piece 
KMCJ536512 | 512Kx36/1Mx18| 60/70/80 | 88 Pin Two Piece 
4M Byte | KMCJ5321000 | 1Mx32/2Mx16 | 60/70/80 | 88 Pin Two Piece 
KMCJ5361000 | 1Mx36/2Mx18 | 60/70/80 | 88 Pin Two Piece 
8M Byte | KMCJ5322000 | 2Mx32/4Mx16 | 60/70/80 | 88 Pin Two Piece | 
KMCJ5362000 | 2Mx36/4Mx18 | 60/70/80 | 88 Pin Two Piece 
16M Byte | KMCJ5324000 | 4Mx32/8Mx16 | 60/70/80 | 88 Pin Two Piece 
KWc5324100 | 4Mx32/8Mx16 | 60/70/80 | 88 Pin Two Piece | 
| KMCJ5364100 | 4Mx36/8Mx18 | 60/70/80 | 88 Pin Two Piece 
3.3V | 2M Byte | KMCV532512 | 512Kx32/1Mx16} 60/70/80 as Two Piece 
4M Byte | KMCV5321000 | 1Mx32/2Mx16 | 60/70/80 | 88 Pin Two Piece 
KMCV5322000 | 2Mx32/4Mx16 | 60/70/80 | 88 Pin Two Piece 
16M Byte | KMCV5324000 | 4Mx32/8Mx16 | 60/70/80 | 88 Pin Two Piece 
ae, KMCV5324100 | 4Mx32/8Mx16 | 60/70/80 | 88 Pin Two Piece 
SRAM Card 


Features 


Fast Page Mode 

Operation 
_ Low Power 

Consumption 

RAS only and 
Hidden Refresh _ 

CAS before RAS 
Refresh 
















Speed(ns) Features 


150/200/250 
150/200/250 
150/200/250 


[eae [women [oe 


PCMCIA/JEIDA | 5.0V | 512K Byte | KMCJ616256 | 256Kx16/512Kx8 
Standard KMCJ616512 | 512Kx16/1Mx8 
KMCJ6161000 | 1Mx16/2Mx8 






68 Pin Two Piece 
68 Pin Two Piece 
68 Pin Two Piece 


+ 8KByte Attri bute Memory 
+ Replaceable & Rechargeable Battery 
+ High Speed : 150ns 
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3. CROSS REFERENCE GUIDE 





_ 3.1 Video RAM 






| sw fa oe | mm [mw [| 
256K eakx4 | KM424C64 | MT42C4084 en | ee wpp4i26, | HM53461(2) | TMS4461 
1 PD42264 


js12K | Minimum | gaxxe | Km428054 






































































HM538123A 






128Kx8 | KM428C128 MT42C8128 | TC528128A 4 PD42275 
MT4208128 | TC528128B 
TC528129B 
Full as6Kxe | KM428C257 | MT42C8256 
KM428C258 | MT42C8254 PD482235 


| Ful | ae@Kxxa2 | KM4216C256 | MTézcascKtet] = | 






o5eKx4 | KM4240256 —— = toe” a oo 
KM424C256A TC524256A HM534251A | SMJ44C250 

TC524256B HM534252 
10524257 | 
pe | TC528126A a TMS48C121 
TC528126B HM538121A | 
Extended | 256Kx4 | KM424C257 | MT42C4256 | TC524258A TMS44C251 
MT42C4255 | TC524258B HM534253A | SMJ44C251 
- | 705242598 SMJ44C251A 
ha i 
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3.2 Static RAM 
Low power SRAM 


Den. Org. 

























TOSHIBA MITSUBISHI NEC 


TC6565AL/AL-L M5M5165/L 
TC5§257BL/BL-L | M5M5255B-L/B-LL 


SAMSUNG | HITACHI SONY 


KM6264BL/BL-L | HM6264A/AL/AL-L_ | CXK5864B-L/B-LL 
32K x8 | KM62256CL/CL-L | HM62256AL/AL-L  / CXK58257A-L/A-LL 


64K x8 | KM68512AL/AL-L 
128K x8 | KM681000BL/BL-L | HM628128AL/AL-L | CXK581000/L 
















#PD4364U/L-L 
#PD43256B/BL 




















































































1M TC551001AL-AL-L | M5M51008/L #PD431000AL/ALL 
4M 512K x8 | KM628512 HM628512/L/L-L | CXK584000(1)-L TC554002 M5M54008L/LL #PD434000/L/LL 
Low power SRAM 
Den. Org. SAMSUNG HITACHI TSOHIBA NEC | OKI | MOTOROLA 
1M | 128Kx8 | KM65S812BA/AL/AL-L | HM658128A/AL/AL-L | TC518129A/AL/AL-L | y PD428128AVAL/AL-L| MSM548128 | MCM518128 
High Speed SRAM 

















Den. Samsung Hitachi Cypress Micron | IDT Motorola | Toshiba 


MB81C74 | MT5C6404 | IDT7188. | mcMe28ec | Tc55416 | CXK5466 
acest [amuse [ain [orem _[nencon| was | ara owaC Tesea |_| 
IDT71256SA | MCM6206D | Tosszaa ee 


































32K X BV) | KM68257C | HM62832H | CY7C199 MT5C2568 
Lal 32K x a6. | KM68V257C ; + MT5LC2568 | IDT713256 {| MCM62V06D| 7055328 
1M IMx1(E) | KM11001 CY7C1007 MT5C1001 IDT71281 MCM6227B 
a x4(E) | KM641001 oe | CY7C1006 MT5C1005 IDT71028 momez29a | CXK541000 
256K x 4(R) | KM641003 | HM674256UH ial 
128K x 8(E)_ | KM681001 | HM62681 ol at 009 MT5C1008 IDT71024 MCM6226B a CXK541020 
128K x 8(R) nae MT5C128K8A1 ai ; 


64K x 16(R) | KM6161 a CY7C108 MT5C64K16A1 10551664 
1Mx4 KM644002 | HM624100 MT5C1M4B2 (ie 10551402 
512Kx8 | KM684002 


MT5C512K8B2 
256K x16 | KM6164002 i 


S| 




























MB82008 














MB82201 
































MT5C256KX16 | 
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BiCMOS SRAM 


| den | Oe | Samemung | Hecht Teeibe | Motor 
ae 256K x 4(With OE)-R | KM64B1003 {| TC55B4257 | MCM6729A 


128K x 8-R KM68B1002 TC55B8128 | MCM6726A 














IDT 















IDT61B298 








IDT71256 











IDT71B024 








Specialty SRAM 


| Org. | SMAMSUNG Motorola Micron Cypress 


KM741006 MCM67Q804 Po 
64Kx18 | KM718B86 MCM67B618 CY7C1034 
KM718B90 De yee pe MT58LC64K18M1 
























Ic 


Ww 
ICW73B596 





























KM718BV87 MCM67H618 MT58LC64K18B2 
KM718BV90 Pe MT58LC64K18M1 
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3.3 MASK ROM 
256K KM23C256 HN623257P LH23255 M5M23256P_ =| MB83256 CXK38256 
HN623258P LH53259 
pa es 
512K KM23C512 TC53512C LH53514 MB83512 
LH53515 _{ 
1M KM23C1000 | uPD23C1000A | HN62321P TC531000C LH231000B . | M5M23C100 | MB831000 CXK381000P 
HN62321BP LH531000A M5M231000 MB831124 
HN62331P 
KM23C1001 | uPD23C1010A | HN62321EP M5M231001 
HN62331EP 
KM23C1010 | uPD23C1001E | HN62321A TC531001C LH231100B 
uPD23C1000E | HN62331A LH530800 
KM23C1011 | uPD23C100EA At LH530900 
2M KM23C2000A | uPD23C2001 | HN62302B TC532000A LH532300 MB832000 CXK382001 
LH532100B MB832001 
KM23C2001A LH532200B 
LH532400 
KM23C02100A | uPD23C2000 | HN62412P LH532000B 
uPD23C2000A | HN62422P LH532500 
re KM23C4000B | uPD23C4001E | HN62335 TC534000A LH534100B M5M23C401AP | MB834000A =| CXK384001 
HN62344B 
KM23C4000C HN62335 
HN62344B MB834000AL 
KM23V4001B HN62W335B 
KM23C4001B LH534300 
LH534400 
KM23C4001C LH534300 
LH534400 
KM23C4100B | uPD23C4000 | HN62404P TC534200 LH534000B M5M23C400AP | MB834100A 
uPD23C4000A | HN62414P LH534500' MB834200A 
HN62424P . 
HN62444P 
KM23C4100C | uPD23C4000 | HN62404P LH534000B MB834100AL 
uPD23C4000A | HN62414P LH534500 
HN62424P 
HN62444P 
KM23V4100B HNW15 
KM23C4200B 
KM23C4200C 
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3.3 MASK ROM (Continued) 










































































































Samsung | NEC | Hitachi | Toshiba_| Sharp | Mitsubishi | Fuitsu | Sony 
8M KM23C8000B | uPD23C8001E | HN62318B TC538000A | LH538100 M5M23801P | MB838000 CXK388000 
LH538200 
KM23C8000C | uPD23C8001E | HN62318B LH538100 M5M23801P | MB838000 
LH538200 
KM23V8000B HN62W328B 
KM23C8001B 
KM23C8001C 
KM23V8001B 
KM23C8100B | uPD23C8000 | HN62418P TC538200A | LH538000 M5M23800P | MB838200 
KM23C8100C | uPD23C8000 | HN62428P TC538200A | LH538000 M5M23800P 
KM23C8105B 
_| KM23V8100B | | + MB838200L 
16M =| KM23C16101A 
KM23C16101B 
KM23V16101A 
KM23C16000A | uPD23C16000 | HN624316P | TC5316200A | LH53160000 | M5M23160P | MB831620P 
KM23C16000B | uPD23016000 | HN624316P | TC5316200A | LH53160000 | M5M23160P | MB831620P 
KM23C16005A M5M23168P 
KM23V1 6000A | HN62W4116 
[sav KM23C32000 | uPD23C32000 = LH5332000 
KM23C32000A | uPD23C32000 LH5332000 
KM23C32005 
KM23C32005A 
KM23C32205A 
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3.4 EEPROM 
*Serial I/O EEPROM 


Density 
1K 


2K 





























*Parallel EEPROM 


[oes [Sona 


64K 


KM28C64A 


KM28C65A 





Xicor 
X2864A/B 
X28C64 





_ Seeq 
DQ28C64 


DQ28C65 
DQ2864 





KM28C64B 


X2864A/B 
X28C64 


DQ28C64 





KM28C65B 








DQ28C65 
DQ2864 





AT93C46 


AT93C56 

















Exel 
XL2864 
XL28C64A 
XL2865 
XL28C65A 


Atmel 
AT28C64 





HN58064 


HN58C65/66 





XL2864 
XL28C64A 


AT28C64 


HN58064 





XL2865 








XL28C65A 


HN58C65/66 


KM93C46_| NMg346 | XRM93C46A 
KMesc4ev | NMS3C46L 

KM93cs6 | NM93C56A | XRM93C56A 
KM93C57 e3cs6 | ST98C56 | CAT36C102 

KMescsev | NMG3C56L_ BR93C56B 
KM93C57V 

KMesces | NMe3ces | XRM93C66B BR9SC66A 
KM93C67 93066 CAT35C104 

| Kmescesy | NM93cé6L BR93C66B 
| KM93C67V CAT33T104 


MSM28C64A 


MSM28C64A 


AT93C66 
| PR 





Catalyat 
CAT28C65A 


CAT28C65A 


CAT28C65A 





CAT28C65A 
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3.5 Flash 


eto eee Pe Pe 
a 

ol a a a 
(a [rowneznn ressertmm [ET 
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4, ORDERING INFORMATION 
4.1 DRAM 


KM 4 X X XXXXX X X X — XX 


DRAM | | SPEED 


















°6 : 60ns 

ORGANIZATION e7 : 70ns 
Fe °8 : 80ns 
cau 10: 100ns 
© 8: X8 
e 9: x9 PACKAGE 
°16: X16 
°18: X18 er 
© 32: x32 *J: SOU 

eZ: ZIP 
PROCESS & POWER eT: TSOP II (TR: Reverse) 





eC: CMOS, 5V eV: TSOP I (VR: Reverse) 


°V: CMOS, 3.3V 


POWER LIMITS 





DENSITY *BLANK: NORMAL 
: LOW R 
Refer to the previous chapter 2 (Product Guide) os Ecc ay, POWER 


eLL : SELF REFRESH 


DIE REVISION 





*BLANK: NONE 

eA : FIRST REV. 
°B : SECOND REV. 
°C : THIRD REV. 
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* NEW DRAM ORDERING SYSTEM 


This new DRAM ordering system will be used for all SAMSUNG's DRAM products in'95. 
In ‘94 DRAM Databook, only used for 16M Byte Word Wide 2nd Gen. and 64M DRAM. 












1 2 3 4 5 6 7° 8 9 
KM 4 AA B cCCCCC D E - F GG 

SAMSUNG “| 
__Memory _ Speed 
DRAM 
Organization | Power(DC Current) 
Product 
Density & Mode/Feature 
Revision Package Type 


1. SAMSUNG Memory 7. Package Type 


A cronenencenennnnnennnnc onan SOJ 
2. DRAM(4) TS TSOP II (Forward) 
. R ------ enn eeennnnnnnnennennnn TSOP Il (Reverse) 
3. Organization V wwnnsnnnececennnnennnnenn ane TSOP | (Forward) 
Wie he a a at x1 U ------2------0----=-n once nee TSOP | (Reverse) 
 wnnnn nnn n nn nnnn nena nn ennnnennnncneennn x4 | nooo SOJ(Shrinked PKG,SOJ) 
@ ----------------------------- 22 ene e eee x8 G wnennennnnne nnn neeneenenc ene TSOP Il (Shrinked PKG, Forward) 
Q weewncennnennnnaneunncnenncenerenennmnn - x9 W wnnnnnnn-nnnnnnccenceennnnnee TSOP II (Shrinked PKG,Reverse) 
16 ------------------------------2--------- x 16 , 
DG aiceemsesstdertethes owe aeene tases Soee x 18 8. Power(DC Current) 
De poe ee meena cette ieeeese x 32 Blank --------------------------0---0--- Normal 
|. ewvnnvnnnn nnn enn enc nn nnn new enc ene ene nnn Low power 
4. Product H wnnnnnnnwnnnnncnnnnnnnnnnnnnnnnnencn mans Super Low power 
C nncernnnennnnnnnnnonenncocreneonenennns 5V F wnnnnnnnnnnnnnnnnnn nnn nnnennennnnnn anna Self Refresh with L.P 
\ a orcs 3.3V 
9 . Speed 
os. oe 50 ns 
5. Density & Mode/Feature (Same) - 6 -------------- 60 Ns 
oF er 70 ns : 
6. Revision + 8 ~----------— 80 ns 
Blank -----------------------2---002e=0° 1st Gen 
A wnnnnnnnn nnn ennn nnn nn nnn cence enone eeen nee 2nd Gen. 
B ------------+2-2re-nn omen nen nnn n ne enene 3rd Gen 
© ~n-----n nn nnn nena nnn nnn enone nme nn ene 4th Gen 
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4.2 DRAM Module 


SAMSUNG 
Memory 


Module 


Memory Type & 
Edge Connector 


1 2 3 4 


78 9 101112 13 14 15 1c 


KM M AA BBB C DDDEFGHIJKLM- NN 






Organization 


Process & Power 











Density 


























Speed 





Lead Finish & Customer 
Onlyx32 or x33 PCB 


Number of Components 





PCB Revision 





Package Type 





Component Revision 





Operation Mode & Organization 





Power Consumption 





1. SAMSUNG Memory 9. Operation Mode & Organization 
2. Module 6 a F/P 
3. Memory Type & Edge Connector 2) Nibble 
er wileiiehie Baye [8).6 toute Seiie ore. Blove LASH HD cece reece eee eeeee+++ Static Column 
0 ee aN ee Re ee Mask ROM i, eee ee Using Quad CAS 
ee er ae DRAM DIMM Brie ele Aigo Maia 6 Sigtaietas Using EDO 
oy. ae DRAM SIP = eee e eee eens Using EDO & Quad CAS 
Sr DRAM SIMM SS Using Non Memory Logic 
i SRAM oo Using Non Memory Logic 
SY A Pseudo SRAM & Quad CAS 
2 ASSP 10. Component Revision 
°c rec VRAM -Blank «-++--2scseeeees None 
4. Organization Se First Rev. 
Sy)! x8/x9 bit wide > a Second Rev 
Ef Biste ete ccs Segal x18 bit wide EC iad eee tte are esters Third Rev. 
32/33 vs rere e cree ee ees X32/x33 11. Package Type 
-B6/40 - cree cece ec neee x36/x39/x40 -Blank ---- +++ eee e eres SOJ or PLCC 
BA/IGB «+e ccc e cece eens ~x64/x66 Tose tas hie Sates TSOP 
72/80 s+ errr reer eee ees x72/x80 12. PCB Revision 
os 7-7. x144 bit wide -Blank «----- eee eeeeee None 
5. Process & Operation Voltage a First Rev. 
-Blank --:+- eee eee eee CMOS 5V MD rc eee c reer eee n eens Second Rev. 
Nese t hae eseseunch CMOS 3.3V Ds ese ties where ea sare Da Third Rev. 
> Sync 3.3V 13. Number of Components 
6. Density -Blank +++ +--+ essere eee more than 7 chip 
Ss |. 16M SN ee a less than 8 chip 
ce 8M oe O eee err ra Byte Wide Base 
oy ee 4M || ii Word Wide Base 
Deriisamitegies Milaaayes 2M 14. Only x32 or x33 PCB 
ee 2M AY x32 or x33 PCB 
So) |) 512K 15. Lead Finish & Customer 
Le) o 256K -Blank --- +--+ seer tees Solder 
7. Refresh (16M DRAM Based) Gsikea dette nenen ose Gold 
2) poh hoe dies Sas Mearns tee 4K aD) scant DEC Bee Nickel 
cr 2K -H -+---- HP -Q-eeee: Compaq 
CDs Ade on oe WINER bes 1K Meets IBM i ne Cambex 
8. Power Consumption 16. Speed 
0 Normal So 50ns 
AD vere erences cceceees Low Power ee 60ns 
oo re Super Low Power oy ee 70ns 
Do Self Refresh Ss 80ns 
63 
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4.3 VRAM | 
KM 42 X X XXX XX X — XX 


VRAM | SPEED 













¢ 6: 60ns 
* 7: 70ns 
ORGANIZATION * 8: 80ns 
° 4X4 * 10: 100ns 
« 8: X8 ; 
° 16: X16 


PACKAGE 


¢ P: DIP 

e J: SOU 

eZ: ZIP 

°T: TSOPII 

* TR: TSOP ] Reverse 


‘PROCESS & POWER 


¢ C:CMOS, 5V 
« V: LOW Vcc CMOS, 3.3V 





DENSITY 





° 64K 
¢ 128K 


DIE VERSION 
° 256K 


* A: SECOND-VER 
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4.4 Static RAM 


KM XX X X X XXXX X X X X- XX X X 


MEMORY COMPONENT 


DEVICE TYPE 


« 6: SRAM(Async.) 
¢ 65: Pseudo SRAM 
¢ 7: SRAM(ASSP) 


ORGANIZATION 





© 1: x 1bit 

« 4: x 4bits 
«2or8: x 8bits 
¢ 9: x Obits 

° 16: x 16bits 


TECHNOLOGY 





* BLANK: CMOS 
* B: BICMOS 


OPERATING Vcc 





« BLANK: 5.0V 
¢ V: 3.0 or 3.3V 





DENSITY & OPTION 


* 64: 64K Slow 

¢ 65: 64K Fast 

* 66: 64K Fast(with OE) 

¢ 256: 256K Slow 

° 257: 256K Fast 

* 258: 256K Fast(with OE) 

© §12: 512K Slow © 

¢ 513: 512K Fast 

* 1000: 1M Slow 

¢ 1001: 1M Fast 

* 1002: 1M Fast(Revolutionary) 

* 1003: 1M Fast(Revolutionary, with OE) 
* 1005: 1M Fast(Sep.//O) 

* 1006: 1M Fast(Sync.,Sep.1/O) 

* 86 : 1M Sync. linear Burst, No Glue 
¢ 87: 1M Sync. linear Burst, Glue 

¢ 90 : 1M Sync. Interleave Burst, No Glue 
* 4000: 4M Slow 

¢ 4002: 4M Fast(Revolutionary) 

* 8128: 128K x 8 Pseudo SRAM 

* 8512: 512K x 8 Pseudo SRAM 
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4.4 Static RAM 
VERSION . OPERATING Vcc 
* BLANK-A—B-—C ¢ BLANK: 5.0V 
Ps ¢ V: Wide Voltage 
POWER LIMITS 
PACKAGES - « BLANK: High Power 
: « L: Low Power 
« P: DIP 
-G: SOP . « L-L: Low Low Power 
e J: SOJ or PLCC 
¢ T: TSOP(Standard Type) 
- ¢ R: TSOP(Reverse Type) 
OPERATING TEMP SPEED 
¢ BLANK: Commercial . Slow Fast 
* |: Industrial » 5:55ns ° 8: 8ns 
+ 7:70ns + 9: Ons 
¢ 8:80ns ¢ 10: 10ns 
+ 10: 100ns * 12: 12ns 
° 12: 120ns * 14: 14ns 
¢ 15: 15ns 
° 17: 17ns 
¢ 19: 19ns 
¢ 20: 20ns 
¢ 24: 24ns 
« 25: 25ns 
¢ 30: 30ns 
¢ 35: 35ns 
¢ 45: 45ns 
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4.5 MASK ROM 






































MEMORY SPEED 
. ¢ 10: 100ns 

DEVICE TYPE ¢ 12: 120ns 

: ¢ 15: 150ns 
+ 23 : MASK ROM cone sare 
PROCESS & POWER PKG 
*C: CMOS, 5V 

* BLANK: DIP 
*V: CMOS, 3.3V -Q:SOP 
DENSITY «SG: SSOP 
+ 256: 256K 
° 512: 512K VERSION 
* 121M 
eee + BLANK—-A—B-=C 
- 424M. 
Ge 3 TYPE & MODE 
* 16:16M * 0: COMMERCAL 
¢ 32 : 32M «1: Multi OE . 
« 64 : 64M ° 5: PAGE MODE 


ORGANIZATION 





+00 :x 8 bit (1M 28DIP, 2M, 4M, 8M) 
x 16 bit (16M, 32M, 64M) 

»01 :x 8 bit (1M 32Pin) 

+10 :x 8 bit (16M, 32M, 64M) 
x 16 bit (2M, 4M, 8M) 

11 :x 8 bit (32M 42DIP) 

+ 20 :x 16 bit & EPROM TYPE PIN OUT (4M) 
x 32 bit (16M, 32M, 64M) 


* Internal KF - CODE Inforamtion 





| KF X X XX X , 
MASK ROM : Intermal Ver. NO. 
DENSITY SERIAL NO. 





4 : 1M PRODUCTION LINE 





en ° 1: LINE 1 

+2: LINE 2 
eM 3:LINE3 
-6 : 16M °3:LIN 
°“W: 32M 





<< : 
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4.6 EEPROM 


*Serial EEPROM 





= BLANK: Commercial 


93 : Micro Wire Type . 


KM 93 © XX X XX X 

















| : Industrial 
CMOS Process Blank : DIP Package 

G : SOIC PKG 
DENSITY GD : SOIC PKG,DIP pin Conf 
46 : 1K Bit 
56 : 2K Bit Blank : 5V Operation. 
57 : 2K Bit,x8/x16 Select V : 8V Operation. 
66 : 4K Bit 


67 : 4K Bit,x8/x16 Select 


*Parallel EEPROM 


























28 :Pallel EEPROM ae _— 
29 : Flash Memory 9 : 90ns 
‘ 10: 100ns 
CMOS Process . 12: 120ns 
15: 150ns 
Density 20 : 200ns 
64 : 64K Bit 
010 : 1M Bit , BLANK : Commercial 
| : Industrial 
Revision 
Blank : 1st Gen. Package 
A : 2nd Gen. Blank : DIP PKG 
B : 3rd Gen. J : PLCC PKG 


T : TSOP | PKG 














4.7 Flash 
Flash Memory te BLANK : Good Block=502~511 
Ss : Good Block=512 
NAND Type (CMOS) 
Package 
Density T : TSOP Forward Type 
16000 : 16M Bit. R : TSOP Reverse Type 


- 32000 : 32M Bit. 
64000 : 64M Bit. 


+= iy 
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4.8 Memory Card 


KM C W W WW XXXX YYY - 2Z 


SAMSUNG MEMORY 


CARD 









CARD STYLE 





- J: PCMCIANEIDA/JEDEC STYLE(5.0V) 
- V: PCMCIA/JEIDA/JEDEC STYLE(3.3V) 


MEMORY TYPE 


e 5: DRAM Card 
¢« 6: SRAM Card 







SPEED 


¢06:60ns +15: 150ns 
°07:70ns_ » 20: 200ns 
¢08:80ns +25: 250ns 








CUSTOMER CODE 


MEMORY DATA WIDTH 


- 8: 8Bit °16:16Bit + 18 :18Bit 
°16:16Bit +32: 32Bit + 36: 36Bit 





COMPONENT COMPOSITION 


¢ BLANK: x 411 BASE 
- W: BYTE-WORD WIDE BASE 






DIE(COMPONENT) REVISION 


DENSITY & MODE/FEATURE 

¢ DRAM Card » BLANK : NONE 
4100 : 4M Bit F. Page, 2K refresh ¢ A: FIRST REV. 
4000 : 4M Bit F. Page, 4K refresh « B: SECOND REV. 
2000 : 2M Bit F. Page, 1K refresh ¢ C: THIRD REV. 


1000 : 1M Bit F. Page, 1K refresh 
512 :512K Bit F. Page, 1K refresh 


« SRAM Card 
1000 : 1M BIT 
512 : 512K BIT 
256 : 256K BIT 





ELECTRONICS 





NOTES 
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KM41C1000C/CL/CSL CMOS DRAM 





71M x 1 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES | GENERAL DESCRIPTION 


« Performance range: The Samsung KM41C1000C/CL/CSL is a CMOS high 
speed 1,048,576. x 1 Dynamic Random Access 
Memory. Its design is optimized for high performance 





KM41C1000C/CL/CSL-6 | 60ns | 15ns | 110ns | applications such as minicomputers, graphics and high 
KM41C1000C/CL/CSL-7 performance microprocessor computers. 
KM41C1000C/CLCSL-8 | 80ns | 20ns | 150ns | The KM41C1000C/CL/CSL features Fast Page Mode 
operation which allows high speed random access of 
+ Fast Page Mode operation memory cells within the same row. CAS-before-RAS 
« CAS-before-RAS refresh capability refresh capability provides on-chip auto refresh as an 
+ RAS-only and Hidden refresh capability alternative to RAS-only refresh. All inputs and output 
¢ TTL compatible input and output are fully TTL compatible. 
« Single 5V+10% power supply 
* Refresh Cycle The KM41C1000C/CL/CSL is fabricated using 
— 512 cycle/8ms refresh (Normal) Samsung's advanced CMOS process. 


— 512 cycle/64ms refresh (L-version) 
— 512 cycle/128ms refresh (SL-version) 
« Power Dissipation 
—Standby : 5.5mW (Normal) 
1.1mW (L-version) 
0.55mW (SL-version) 
— Active(60/70/80ms) : 385/358/330mW 
- 256K x 4 fast test mode 
« JEDEC standard pinout 
¢ Available in plastic DIP, SOJ, ZIP, TSOP(), 
TSOP(II) and PLCC Packages 


FUNCTIONAL BLOCK DIAGRAM 
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CONTROL & 


REFRESH CONTROL & 
ADDRESS COUNTER 


Bi COLUMN DECODER 
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SENSE AMPS & I/O 
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MEMORY ARRAY 
1,048,576 Cells 





ROW DECODER 





ADDRESS BUFFERS 
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KM41C1000C/CL/CSL CMOS DRAM 





PIN CONFIGURATION (top views) 


- © KM41C1000CP/CLP/CSLP + KM41C1000CJ/CLJ/CSLJ »* KM41C1000CZ/CLZ/CSLZ - KM41C1000CT/CLT/CSLT 





—_ 


* KM41C1000CTR/CLTR/CSLTR + KM41C1000CG/CLG/CSLG 












Address Inputs 





Data In | 
Data Out _| 
Read/Write Input 

Row Address Strobe 
Column Address Strobe 
Test Function 
; Power (+5V) 
Ground 




































No Connection | 
No Lead 
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KM41C1000C/CL/CSL | CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS* 


Voltage on Any Pin Relative toVss 
Voltage on Vec Supply Relative to Vss - 
ee 
Short Circuit Output Current 


* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to abso- 
lute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CON DITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


Supply Voltage 














Ground 
Input High Voltage 





Input Low Voltage 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 


aramater YS i | a [Uri 



























Operating Current’ KM41C1000C/CL/CSL-6 70 mA 
pon . ; wee KM41C1000C/CL/CSL-7 Icc1 65 mA 
(RAS and CAS, Addréss Cycling @trc=min.) KM41C1000C/CL/CSL-8 60 iA 


Sendoy Gen EEA) ——SSSC~sCim | || 
mA 


KM41C1000C/CL/CSL-6 70 
KM41C1000C/CL/CSL-7 Icc3 65 mA 
60 mA 
55 mA 
Icc4 50 mA 
45 
1 
















RAS-Only Refresh Current* 
(CAS=Vin, RAS, Address Cycling @trc=min.) 





KM41C1000C/CL/CSL-8 _ 


KM41C1000C/CL/CSL-6 
KM41C1000C/CL/CSL-7: 
KM41C1000C/CL/CSL-8 

















Fast Page Mode Current* 
(RAS=Vit, CAS, Address Cycling @tpc=min.) 



























mA 

KM41C1000C mA 

PAS_CAS_WVoo-0 is KM41C1000CL Ices 200 | pA 
es cared ars KM41C1000CSL 100 | uA 
mA 










aa a ; KM41C1000C/CL/CSL-6 70 
FAS and CHS Gy peg sald KM41C1000C/CL/CSL-7 Ico 65 | mA 
Ne eres KM41C1000C/CL/CSL-8 60 



























m 
Battery Back Up Current 
Average Power Supply Current, Battery back 
up Mode (CAS=CAS-Before-RAS Cycling or KM41C1000CL Ke 200 | BA 
0.2V, W=Vcc-0.2V or 0.2V, Ao~Ag= KM41C1000CSL 100 HA 
Vec-0.2V or 0.2V, Din=Vcc-0.2V, 0.2V or 
OPEN : trc=250«S, tras=tras min.~14S) 

Input Leakage Current 


A 
Output Leakage Current (Data out is disabled, 0<Vout< Vcc) 
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KM41C1000C/CL/CSL | CMOS DRAM 





DC AND OPERATING CHARACTERISTICS (continued) | 


arate —* Sb | in [Ma | Uri 
Output High Voltage Level (loH=-5mA) | vor | 24 | - | Vv 
Output Low Voltage Level (loL=4.2mA) | vo | - | oa | Vv 


*NOTE: Icc1, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. icc is specified as average current. Icc1, Icc3, Address can be changed maximum two times 
while RAS=ViL, Icca, Address can be changed maximum once during a Fast Page cycle. 


CAPACITANCE 1a=25°C, Vcc=5v, f=1MHz) | 


—arametor «Sambo [in Max [nt 
Input Capacitance (D)- pF 

input Capacitance (Ao~Ag) 
Input Capacitance (RAS, CAS, W) 
Quiput Capacitance (Q) 
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AC CHARACTERISTICS ’c<Ta<70°C, Voc=5.0V+10%, See notes 1,2) 


Random read or write cycle time 
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Read-modify-write cycle time 






Access time from RAS 
Access time from CAS 
CAS to output in Low-Z 

Output buffer turn-off delay 
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Transition time (rise and fall) ns 
RAS precharge time 

RAS pulse width 

RAS hold time 

_|CAS hold time 

CAS pulse width 

RAS to CAS delay time 

RAS to column address delay time 
CAS to RAS precharge time 

Row address hold time 


Column address set-up time 
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Column address hold time 





Column address to RAS lead time 


Read command set-up time tRc: 
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KM41C1000C/CL/CSL | CMOS DRAM 


AC CHARACTERISTICS (Continued) 


Read command hold time referenced to CAS 
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Read command hold time referenced to RAS 
Write command hold time 


ot 
Pel 
Pe] <= 


Write command hold time referenced to RAS 


Write command pulse width 


z 
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Write command to RAS lead time 


Write command to CAS lead time 


oO 


Data-in set-up time 
Data-in hold time 


Data-in hold time referenced to RAS 
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Refresh period (Normal) 
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Refresh period (Low power) 

Refresh period (Super Low power} 

Write command set-up time 

CAS to W delay time 

RAS to W delay time 

Column address to W delay time 

CAS set-up time (CAS-before-RAS refresh) 
CAS hold time (CAS-before-RAS refresh) 

RAS precharge to CAS hold time 

CAS precharge time (C-B-R counter test cycle) 
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Access time from CAS precharge tCPA 
Fast Page mode cycle time 50 


ns 
Fast Page mode read-modify-write cycle time 
RAS pulse width (Fast Page mode) 
RAS hold time from CAS precharge 


CAS precharge time (Fast page mode) tcp 


70 
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KM41C1000C/CL/CSL 


CMOS DRAM 





NOTES 
1. ‘An initial pause of 200us is required after power 
up followed by any 8 RAS cycles before proper 
device operation is achieved. 


2. Vin(min) and V\(max) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vin(min) and V\(max), and 
are assumed to be 5ns for all inputs.’ 


3. Measured with a load equivalent to 2 TTL loads and 
100pF. 


4. Operation within the taco(max) limit insures that 
trac(max) can be met. trcp(max) is specified as a 
reference point only. If taco is greater than the 
specified tacp(max) limit, then access time is con- 

‘trolled exclusively by tcac. 


5. Assumes that tacp> trco(max). 
6. twor, tour are referenced to taap(max). 


7. This parameter defines the time at which the out- 
put achieves the open circuit condition and is not 
referenced to Von or Vo. 


8. twos, trwo, tewo and tawo are non restrictive 
operating parameters. They are included in the data 
sheet as electrical characteristics only. If 
twos>twos(min) the cycle is an early write cycle and 


TIMING DIAGRAMS | 


READ CYCLE 
AAS Vip— 
Vit— 
an ViH— 
CAS Vit— 


tasr 





the data output will remain open circuit throughout 
the entire cycle. If. tewo>tcwo(min) and trawo> 
tawo(Min) and tawo>tawo (min), then the cycle is a 
read-write cycle and the data output will contain 
data read from the selected cell. If neither of the 
above conditions are satisfied, the condition of the 
data out is indeterminate. 


9. Either tacn Or taay must be satisfied for a read cycle. 


10. These parameters are referenced to the CAS leading 
edge in early write cycles and to the W leading hay 
in read-write cycles. 


11. Operation within the tran (max) limit insures that 
trac (max) can be met. tran (max) is specified as a 
reference point only. If trap is greater than the 
specified trao (max) limit, then access time is con- 
trolled by taa. 


12. Normal operation requires the “‘T.F” pin to be con- ~ 
nected to Vsg or TTL logic low level or left uncon- 
nected on the printed wiring board. 

13. When the “T.F” pin is connected to a defined posi- 
tive voltage, the internal test function may be acti- 
vated. Contact Samsung for specific operational 
details of the “test function.” 


14. Ina test mode read cycle, the value of trac, tcac, 
taa is delayed for 3ns. 


tro: 


tRAS 
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TIMING DIAGRAMS (continuea) 
WRITE CYCLE (EARLY WRITE) 

















































trac 
tRAS 
———— Vip— 
RAS Vie 
trp 
tcrp 
Sen 
tasR 
~  Vip— RXR ROW = _ OXXKX XXX KAAKAK KX OK XXX 
nT ROMO aconess OKWR Seonees DORN RRR RD 
— Vin— LA/AA A/V XxXXXXX \/ YXKKX V/\/ Y¥\ YX XXXXXXK AALAA\A\A/\J\/Y 
Wn RRS RAE NK RK RY 
ae eas 
twcr-—+ 
tos r— ~=—s f= ton 

Vie KKK KKK KKK XX KKK KKKKKAAKAR? TAKAXKK KX KKK 
Vin PRR _ ATA _—_ ARORA 

: ; toHR , : 

VoH— ' 
Q Wace OPEN 








READ-WRITE/READ-MODIFY-WRITE CYCLE 


trwe 


tRAS 














































RAS 
trp 
tcrp 

CAS 

vin~ X\o_ ROW KX) iit ml CEUECCUUNOUVEECOECECOOOO TOES 
a Vit— vy f nconess J S007 N ADDRESS OOO OY 
pe ViIH— AXDOOOQOOOOO I ee MBYYY KV KY KY YY KK KY 
We RRR KX tha PRY 

. tcac twp torr 
Vou touz C0 
an 0 VALID 
a si i Sn 
{RAC tos tbH 

Yi YI IR Ces) SOOO ICON O NINO ae 

2 Vin PRR 0  O_ PATA PRR SRK RY 
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TIMING DIAGRAMS (continued) 


FAST PAGE MODE READ CYCLE 













trasP 
Vit— 
tcsH . tRSH : 
taco tec tore 
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= =e} a a oe, 
~ b | 
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Vin— tcLz CA? AY tcLz atatay 
Gee OPEN GOOROM at RK dain Pte Dang 
. trcs tRRH 
tRCH 
trcs 
- Viq— RAAXXKX 
Ww Vit— YOY 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 







































RAS Vit— . : 
tcsH tee ——-4 
tcas tcp tcp 
trop 
: tcas tcas 
Aas Vin— y 
a ae rT Sf NY 
tasc [7] tRAL— 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE READ-WRITE CYCLE 
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TIMING DIAGRAMS continued) 


RAS-ONLY REFRESH CYCLE 
Note: CAS = Vin, W,D, Ao = Don’t Care 
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TIMING DIAGRAMS Continued) 


CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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DEVICE OPERATION 


The KM41C1000C/CL/CSL contains 1,048,576 memo- 
ry locations. Twenty address bits are required to 
address a particular memory location. Since the 
KM41C1000C/CL/CSL has only 10 address input pins, 
time multiplexed addressing is used to input 10 row 
and 10 column addresses. The multiplexing is con- 
trolled by the timing relationship between the row 
address strobe (RAS), the column adress strobe(CAS), 
and the valid row and column address inputs. 
Operation of the KM41C1000C/CL/CSL begins by 
strobing in a valid row address with RAS while CAS 
remains high. Then the address on the 10 address 
input pins is changed from a row address to a column 
address and is strobed in by CAS. This is the begin- 
ning of any KM41C1000C/CL/CSL cycle in which a 
memory location is.accessed. The specific type of 
cycle is determined by the state of the write enable pin 
and various timing relationships. The cycle is terminat- 
ed when both RAS and CAS have returned to the high 
state. Another cycle can be initiated after RAS remains 
high long enough to satisfy the RAS precharge time 
(tRP) requirement. 


RAS and CAS Timing 

The minimum RAS and CAS pulse widths are sesned 
by tRAs(min) and tcas(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera- 
tion and data integrity. Once a cycle is initiated by 
bringing RAS low, it must not be aborted prior to satis- 
fying the minimum RAS and CAS pulse widths. In addi- 
tion, a new cycle must not begin until the minimum 
RAS precharge time, tre, has been satisfied. Once a 
cycle begins, internal clocks and other circuits within 
the KM41C1000C/CL/CSL begin a complex sequence 
of events. If the sequence is broken by violating mini- 
mum timing requirements, loss of data integrity can 
occur. 


Read 
A read cycle is achieved by maintaining the write 
enable input (W) high during RAS/CAS cycle. The 
access time is normally specified with respect to the 
falling edge of RAS. But the access time also depends 
on the falling edge of CAS and on the valid column 
address transition. 

if CAS goes low before trcp(max) and if the column 
address is valid before tRap(max), then the access time 
to valid data is specified by trac(min). However if CAS 
goes low after trcp(max), or if the column address 
becomes valid after trap(max.), access is specified by 
tcac or taa. In order to achieve the minimum access 
time, tRac(min), it is necessary to meet both trcp(max) 
and trap(max). 


Write 

The KM41C1000C/CL/CSL can perform early write, 
late write and read-modify-write cycles. The difference 
between these cycles is in the state of data-out and is 
determined by the timing relationship between W and 
CAS. In any type of write cycle, Data-in must be valid 
at or before the falling edge of W or CAS, whichever is 
later. 


Early Write: An early write cycle is performed by bring- 
ing W low before CAS. The data at the data input pin 
(D) is written into the addressed memory cell. 
Throughout the early write cycle the output remains in 
the Hi-Z state. This cycle is good for common I/O 
applications because the data-in and data-out pins 
may be tied together without bus contention. 


Read-Modify-Write: |n this cycle, valid data from the 
addressed cell appears at the output before and during 
the time that data is being written into the same cell 
location. This cycle is achieved by bringing W low after 
CAS and meeting the data sheet read-modify-write 
cycle timing requirements. This cycle requires using a 
separate I/O to avoid bus contention 


Late Write: \f W is brought low after CAS, a late write 
cycle will occur, The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, tcwod and tawp, are not necessarily met. 
The state of date-out is indeterminate since the output 


‘can be either Hi-Z or contain data depending on the 


timing conditions. This cycle requires a separate 1!/O to 
avoid bus contention. 


Data Output 

The KM41C1000C/CL/CSL has a three-state output 
buffer which is controlled by CAS. Whenever CAS is 
high(ViH), the output is in the high impedance (Hi-Z) 
state. In any cycle in which valid data appears at the 
output, the output goes into the low impedance state 
in a time specified by tc.z after the falling edge of CAS. 
Invalid data may be present at the output during the 
time after tcLz and before the valid data appears at the 
output. The timing parameters tcac, trac and taa speci- 
fy when the valid data will be present at the output. 
The valid data remains at the output until CAS returns 
high. This is true even if anew RAS cycle occurs (as in 
hidden refresh). Each of the KM41C1000C/CL/CSL 
operating cycles is listed below after the corresponding 
output state produced by the cycle. 
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DEVICE OPERATION (continued) 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode 
Read-Modify-Write. 


Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, CAS-before-RAS Refresh, CAS only 
cycle. i 


Indeterminate Output State: Delayed Write. 


Refresh 

The data in the KM41C1000C/CL/CSL is stored on a 
tiny capacitor within each memory cell. Due to leakage 
the data may leak off after a period of time. To main- 
tain data integrity it is necessary to refresh each of the 
rows every 16/64/128 ms. There are several ways to 
accomplish this. 


RAS-Only Refresh: This is the most common method 
for performing refresh. It is performed by strobing in a 
* row address with RAS while CAS remains high. This 
_ cycle must be repeated for each of the 512 row 
addresses, (Ao~As). The state of address Ag is ignored 
during refresh. 


CAS-before-RAS Refresh: The KM41C1000C/CL/CSL 
has CAS-before-RAS on-chip refresh capability that 
eliminates the need for external refresh addresses. If 
CAS is held low for the specified set up time (tcsr) 
before RAS goes low, the on-chip refresh circuitry is 
enabled. An internal refresh operation automatically 
occurs. The refresh address is supplied by the on-chip 
refresh address counter which is then internally incre- 


mented in preparation for the next CAS-before-RAS ° 


refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be per- 
formed while maintaining the latest valid data at the 
output by extending the CAS active time and cycling 
RAS. The KM41C1000C/CL/CSL hidden refresh cycle 
is actually a CAS-before-RAS refresh cycle within an 
extended read cycle. The refresh row address is pro- 
vided by the on-chip refresh address counter. 


Other Refresh Methods: It is also possible to refresh the 
KM41C1000C/CL/CSL by using read, write or read- 
modify write cycles. Whenever a row is accessed, all 
the cells in that row are automatically refreshed. There 
are certain applications in which it might be advanta- 
geous to perform refresh in this manner but in general 
RAS-only or CAS-before-RAS refresh is the preferred 
method. 


CAS-before-RAS Refresh Counter Test Cycle - 
A special timing sequence using the CAS-before-RAS 
refresh counter test cycle provides a convenient 
method of verifying the functionality of the CAS- 
before-RAS refresh activated circuitry. The cycle 
begins as a CAS-before-RAS refresh operation. Then, 
if CAS is brought high and then low again while RAS is 
held low, the read and write operations are enabled. In 
this mode, the low address bits Ao through As are sup- 
plied by the on-chip refresh counter. The Ag bit is set 
low internally. 


Fast Page Mode 

The KM41C1000C/CL/CSL has Fast page mode capa- 
bility which provides high speed read, write or read- 
modify-write access to all memory cells within a 
selected row. These cycles may be mixed in any order. 
A fast page mode cycle begins with a normal cycle. 
Then, while RAS is kept low to maintain the row 
address CAS is cycled to strobe in additional column 
addresses. This eliminates the time requried to set up 
and strobe sequential row addresses for the same 


page 


Power-up 

If RAS=Vss during power-up, the KM41C1000C/CL/CSL 
could begin an active cycle. This condition results in 
higher than necessary current demands from the pow- 
er supply during power-up. It is recommended that 
RAS and CAS track with Vcc during power-up or be 
held at a valid VIH in order to minimize the power-up 
current. An initial pause of 200 # sec is required after 
power-up followed by 8 initialization cycles before 
proper device operation is assured. Eight initialization 
cycles are also required after any 8msec period in 
which there are no RAS cycles. An initialization cycle is 
any cycle in which RAS is cycled. 


Termination 


The lines from the TTL driver circuits to the 
KM41C1000C/CL/CSL inputs act like unteminated 
transmission lines resulting in significant overshoot and 
undershoot at the inputs. To minimize overshoot it is 
advisable to terminate the input lines and to keep them 
as short as possible. Although either series or parallel 
termination may be used,series termination is generally 
recommended since it is simple and draws no addi- 
tional power. It consists of a resistor in series with the 
input line placed close to the KM41C1000C/CL/CSL 
input pin. The optimum value depends on the board 
layout. It must be determined experimentally and is 
usually in the range of 20 to 40 ohms. 





si” 


ELECTRONICS 


85 





KM41C1000C/CL/CSL 


CMOS DRAM 





DEVICE OPERATION Continued 
Board Layout 


It is important to lay out the power and ground lines on 
memory boards in such a way that switching transient 
effects are minimized. The recommended methods are 
gridded power and ground lines or separate power and 
ground planes. The power and ground lines act like 
transmission lines to the high frequency transients gen- 
erated by DRAMS. The impedance is minimized if all 
the power supply traces to all the DRAMS run both 
horizontally and vertically and are connected at each 
intersection or better yet if power and ground planes 
are used. 


Decoupling 

The importance of proper decoupling can not be over 
emphasized. Excessive transient noise or voltage 
droop on the Vcc line can cause loss of data integrity 
(soft errors). It is recommended that the total combined 
voltage changes over time in the Vcc to Vss voitage 
(measured at the device pins) should not exceed 
500mvV. 


PACKAGE DIMENSIONS 


18-LEAD PLASTIC DUAL IN-LINE PACKAGE 


























J U L__] aan 
0.862 (21.89) . 
0.872 (22.15) 


0.050 (1.27) 


















MAX 
é Als : + = a 
| | 
0.135 (3.43) | | 
0.145 (3.68) | 
0.100 (2.54) ; a L a 0.035 (0.89) 
TYP 0.055 (1.40) 
0.016 (0.41) 
0.024 (0.61) 
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A high frequency 0.14 F ceramic decoupling capacitor 
should be connected between the Vcc and ground 
pins of each KM41C1000C/CL/CSL using the shortest 
possible traces. These capacitors act as a low 
impedance shunt for the high frequency switching tran- 
sients generated by the KM41C1000C/CL/CSL and 
they supply much of the current used by the 
KM41C1000C/CL/CSL during cycling. 

In addition, a large tantalum capacitor with a value of 
47uF to 100%F should be used for bulk decoupling to 
recharge the 0.1F capacitors between cycles, thereby 
reducing power line droop. The bulk decoupling 
capacitor meet the power grid or power plane. Even 
better results may be achieved by distributing more 
than one tantalum capacitor around the memory array. 


Units: Inches (Millimeters) 







0.279 (7.08) 
0.293 (7.44) 
0.300(7.62) 
0.325(8.26) 


. 


0.009 (0.23) / 


0.018 (0.38) 0.013 (0.3) 


MIN 


0.183 (4.65) 
MAX 


0.115 (2.92) 
MIN 
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PACKAGE DIMENSIONS (continued) 
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


0.027 (0.69) 
MIN 
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0.128 (3.25) 
0.145 (3.68) 





0.670 (17.02) 
0.680 (17.27) 








~— 















afore) 


0.080 (1.27) 0.015 (0.38) 
TYP . 0.021 (0.53) 


20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 


ene ee 
0.026 
0.032 : 
0.050 (1.27) 


(0.66) 
(0.81) 
| MAX 








1.025 (26.04) 
1.035 (26.29) 







0.113 (2.87) 
0.120 (3.05) 


i 










0.335 (8.51) 
MAX 





0.325 (8.26) 
0.400 (10.16) 










+ 





0.009 (0.23) 


| | | 0.013 (0.33) 
0.100 (2.54) 
TYP 


0.050 (1.27) 
TYP 


sa. 


0.050 (1.27) 
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0.016 (0.41) 


0.024 (0.61) 














0.100 (2 
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ELECTRONICS . 





KM41C1000C/CL/CSL CMOS DRAM 





PACKAGE DIMENSIONS (continued) 
20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (II) (Forward and Reverse Type) 
Units: Inches (millimeters) 


0.03 (0.80) 










0.298 (7.57) 
0.302 (7.67) 





0.359 (9.12) 
0.367 (9.32) 






0.324(8.22) 


0.671 (17.04) 
0.679 (17.24) 


0.039 (1.0) 
0.047 (1.20) 


0.005 (0.13) 
0.008 (0.20) 





eae ee eal 
Slecsee) FSA AE = AAAHD 
0.048 (1.22) | | 0.012 (0.30) 
0.052 (1.32) 0.020 (0.50) 
; 0.016 (0.40) | 
0.024 (0.60) 
20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (I) (Forward and Reverse Type) 


0.016 (0.40) 
0.024 (0.60) 


0.232 (5.90) 
0.240 (6.10) 





_ 


0.565 (14.35) 
0.569 (14.45) 
0.626 (15.9) 
0.634 (16.1) 









0.039 (1.0) 


0.047 (1.20) 
ET 2.005 0.06) | 7 


0.004 (0.1) | 0.022 (0.55) 0.016 (0.40) | . 
0.012 (0.3) 0.018 (0.45) 0.024 (0.60) 
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PACKAGE DIMENSIONS (continued) 
18- LEAD PLASTIC CHIP CARRIER 


0.140 (3.56) 
MAX 
0.080 (2.03) 
0.090 (2.29) 

















0.320 (8.13) [— 
0.330 (8.38) 































| 0.285 (7.24) 
0.295 (7.49) 0.020 (0.51) 0.070 (1.78) | 0.150 (3.81) 
MIN REF 
Ca ae, 0.026 (0.66) 8 
(0.082 (0.81 ae: 
ia (0.81) S| 


—*! 


mi 


0.013 (0.33) 
0.021 (0.53) 





REF 











0.520 (13.21) 
0.530 (13.46) 
0.485 (12.32) 
0.495 (12.57) 
| 0.200 (5.08) 
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256K x 4 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


¢ Performance range: 


id we [tne | | 
RaAGEECIOUCSLE [eine | 1508 | THe 
racrsecicusi.7 | rons | ane | 10m | 
raze. | sons | 20ne | 1600 | 


¢ Fast Page Mode operation 
- CAS-before-RAS refresh capability 
* RAS-only and Hidden refresh capability 
. ¢ TTL compatible inputs and outputs 
¢ Early write or Output Enable Controlled Write 
* Single 5V+ 10% power supply - 
+ Refresh Cycle 
— 512 cycle/8ms refresh (Normal) 
— 512 cycle/64ms refresh (L-version) 
— 512 cycle/128ms refresh (SL-version) 
¢ Power Dissipation 
—Standby : 5.5mW (Normal) 
1.1mW (L-version) 
0.55mW (SL-version) 
— Active(60/70/80ms) : 385/360/330mW 
« JEDEC standard pinout 
¢ Available in plastic DIP, SOJ, ZIP, TSOP(i), 
and TSOP(II) Packages 






FUNCTIONAL BLOCK DIAGRAM 
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COLUMN DECODER 


SENSE AMPS & I/O 


MEMORY ARRAY 
262,144x4 Cells 


GENERAL DESCRIPTION 


The Samsung KM44C256C/CL/CSL is a CMOS high 
speed 262,144 x 4 Dynamic Random Access Memory. 
{ts design is optimized for high performance 
applications such as minicomputers, graphics and high 
performance microprocessor computers. 


The KM44C256C/CL/CSL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 


The KM44C256C/CL/CSL is fabricated using 
Samsung's advanced CMOS process. 
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PIN CONFIGURATION (top Views) 


* KM44C256CP/CLP/CSLP * KM44C256CJ/CLJ/CSLJ * KM44C256CZ/CLZ/CSLZ 





+ KM44C256CV/CLV/CSLV * KM44C256CVR/CLVR/CSLVR 


ie} 





BEEN AhoOn = 
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= 






° KM44C256CT/CLT/CSLT « KM44C256CTR/CLTR/CSLTR : : 
Pin Function 


Address Inputs 
RAS Row Address Strobe 
CAS Column Address Strobe 
Read/Write Input 
Data Output Enable 
Data In/Data Out 
Power (+5V) 
Ground 


Pin Names 

























No Connection 
No Lead 
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ABSOLUTE MAXIMUM RATINGS* 


Storage Temperature 
Power Dissipation — 
Short Circuit Output Current 





* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to abso- 
‘lute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


[Perameter_ [Symbol [Min [tp | Max [Unt 
Tsupeiyvotags +f vee —~| 4s [so [ss |v | 
nc Lee ca AY 
[input righ vonage [ww ‘ea | iC 
Finputuow voting | va | 40 | — [os |v | 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 







<j<|/< 


Parameter 


KM44C256C/CL/CSL-6 


Operating Current* 
. : KM44C256C/CL/CSL-7 
(RAS and CAS, Address Cycling @trc=min.) KM44C256C/CL/CSL-8 


a ors 


RAS-Only Refresh Current* REV ese CUTS ES 


KM44C256C/CL/CSL-7 
(CAS=Vin, RAS, Address Cycling @trc=min.) KM44C256C/CL/CSL-8 
KM44C256C/CL/CSL-6 
KM44C256C/CL/CSL-7 
KM44C256C/CL/CSL-8 


KM44C256C 
KM44C256CL 
KM44C256CSL 


KM44C256C/CL/CSL-6 
KM44C256C/CL/CSL-7 
KM44C256C/CL/CSL-8 


Fast Page Mode Current* 
(RAS=Vit, CAS, Address Cycling @tec=min.) 


Standby Curent 
(RAS=CAS=W=Vcc-0.2V) 


CAS-Before-RAS Refresh Current* 
(RAS and CAS Cycling @trc=min.) 


Battery Back Up Current 

Average Power Supply Current, Battery back 

up Mode (CAS=CAS-Before-RAS Cycling or , KM44C256CL 
0.2V, W=Vcc-0.2V or 0.2V, Ao~Ag= KM44C256CSL 
Vcc-0.2V or 0.2V, Din=Vcc-0.2V, 0.2V or 

OPEN : trc=250z4S, tras=tras min.~14S) 


Input Leakage Current 
(Any input 0<Vin <6.5V, all other pins not under test=0 volts.) 


Output Leakage Current (Data out is disabled, 0< VouT< Vcc) 
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DC AND OPERATING CHARACTERISTICS (Continued) 


ECAC 


Output High Voitage Level (loH=-5mA) 






Output Low Voltage Level (lo.=4.2mA) 


*NOTE: Icc1, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as average current. Icc1, Icc3, Address can be changed maximum two times 
- while RAS=VIL, Icc4, Address can be changed maximum once during a Fast Page cycle. 


CAPACITANCE (ta=25°c, Voc=5v, f=1MHz) 


Input Capacitance (Ao~As) 


Input Capacitance (RAS, CAS, W) 
Output Capacitance (DQ1~DQa) 





AC CHARACTERISTICS (’c<tTa<70°C, Voc=5.0V+10%, See notes 1,2) 


| ee a a 


in| Max | win | Max | Min | Max 

Randomreadorwitecycetine | we (| ro] | woof | veo [ne || 
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Access time from RAS pm} 00 fa aa 
Access time from CAS _ | tcac | | t5{ | 20f | 20] ns | 345 | 


Access time from column address tat | 35] | ao] ns | 3,10 | 
JAS tooutputinowz tz | || 

| of 15 

| 8 


Output buffer turn-off delay 

3 
RAS precharge time ae aa 
RAS RAS pulse with | tras | 60 | 10,000 
FAStodtine | 
1 | eo| | 
CFS puisewath | teas | 15 | 10,000 | 
FAS to TAS doaytme ———SSS—=*ttwo | 20] | 
[RAS to column address delaytime =| tea | 15| 90 


CAS to RAS precharge time Ri lis. 26 
|| 
| 10 | 
| | 
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Transition time (rise and fall) 
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Row address set-up time 
. Row address hold time | tran | 
[Courmadcress setuptime | ts 


Column address to RAS lead time | tra | 30 | 
Read command set-up time tRCS eae 
a” oe . 
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AC CHARACTERISTICS (Continued) 
Parameter wax | 
Read command hold time referenced to CAS 
Read command hold time referenced to RAS 
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Write command to CAS lead time 
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Access time from CAS precharge 
Fast Page mode cycle time 


to7) 


ot [ot | 
Qo |9o 


Fast Page mode read-modify-write cycle time tp 
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NOTES . 
1. An initial pause of 200us is required after power-up 3. Measured with a load equivalent to 2 TTL loads 
followed by any 8 RAS cycles before proper device and 100pF. 
operation is achieved. 4. Operation within the tacp (max) limit insures that 
2. Vin (min) and Vi (max) are reference levels for trac (max) can be met. trcp (max) is specified as a 
measuring timing of input signals. Transition times reference point only. If tacp is greater than the speci- 
are measured between Vix (min) and Vi_ (max) and fied tacp (max) limit, then access time is controlled 
are assumed to be 5ns for all inputs. exclusively by tcac. 
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NOTES (Continued) 


5. Assumes that tacp>trep(max). 
6. twor, tone are referenced to trao(max). 
7. This parameter defines the time at which the out- 


the selected address. If neither of the above condi- 
tions are satisfied, the condition of the data out is 
indeterminate. 


put achieves the open circuit condition and is not 9. Either tracy or tary Must be satisfied for a read 
referenced to Vou or Vo. cycle. 
8. twos, tawo, tewo and tawo are non restrictive operat- 10. These parameters are referenced to the CAS lead- 


ing parameters. They are included in the data sheet ing edge in early write cycles and to the W leading 


as electrical characteristics only. !f twos > twes(min) edge in read-write cycles. 
the cycle is an early write cycle and the data out- 11. Operation within the tran(max) limit insures that 


put will remain high impedance for the duration of trac(max) can be met. trac(max) is specified as a 
reference point only. If trap is greater than the 
specified tran(max) limit, then access time is con- 


troiled by taa. 


the cycle. If tewo> tewo(min), tawo>tawo(min) and 
tawo>tawn(min), then the cycle is a read-write cycle 
and the data output will contain the data read from 





TIMING DIAGRAMS 
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WRITE CYCLE (EARLY WRITE) 
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WRITE CYCLE (OE CONTROLLED WRITE) 
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TIMING DIAGRAMS (continued) 
READ-MODIFY-WRITE CYCLE 





























































































































es tRWG: i 
— a mney tras trp 
7 Viq— 
RAS Vii 
be tcsH 
tacD ————— tRSH 
= a == w, 
ha tasr Itean tasc | tcaH ‘ 
ViH— AKASFROW VY) AY VAAMANWVVYVVYVYVVYVY¥YWA/VY¥YW/J/YVYVWVVWVWVJVYV 
; va RepRaooress KI RBDAESS _ RYN Kee KCC 
— tRAD—4 j— — tawo tcwD: nal} oe tCWL 
7 — tRwp —| tRWL =| 
w ViH— AWAAAYYYVV VX YWYYVVYVVY YY YYV YX 
1. ORY XXX 
_ Vis— QIVYIVYVVYVYAIVYVVYVVVVYY Y \ | CT AAAKKAAEAA KY 
OE Va RN RR 
r—- tcac 
as tract 
ViiOH — ARIAT AVY 
Ord = MOXY K YX 
FAST PAGE MODE READ CYCLE 
jo trRasP Pay ois 
RAS ie 
IL 
tec eee tcrp 
f—— trop —~{ top 
aS ViH— t 
OS Wed since" woo 8, 
tcsH 
tasR tRAH tase a fen] asl [ee | 


| 

‘ Vin— Ry “Tey, LAY) ( SBLoe AYKXY) {SOLON ARRAN COLUMK WXKKX 
ae i GS OA. ADDRESS _WXXXXXA ADDRESS AAAXAXXX A ADDRESS XXXX XXX 

t 

el [el Home fs Hiwes 


Md ¢, 


iy] Vin— ITV Ad 
a Vi- XS Sy 





taa 





NA 
le 
toEA 


oe, Vin-— Te"AVAV, yy YYY VY Fay, ‘a¥ Valea slay, 
ce TE TCOO | AREER 


Vy V 
¢, 
x2 









Vit— 4 ‘s x 














AXA 


WY) 








tRCoH 


¢ 


Varga araav, 
| ROS 


~A¥,9 ¥a¥,7.¥.¥,88a% AY, 
RRR RE RE 


p—=———- trac la ‘OFF 
teiz 
vor oo — 
; VALID XY VALID NAY” VALID 
DQ1-DQ, Voi UX DATA-OUTJ Of DATA-OUTY OM pataour I 


ne DON'T CARE 





iY 


ELECTRONICS 


97 


KM44C256C/CL/CSL 


CMOS DRAM | 





TIMING DIAGRAMS (Continued) 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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. TIMING DIAGRAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: w, OE = Don’t care 
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TIMING DIAGRAMS (Ccontinueg) 
HIDDEN REFRESH CYCLE (READ) 
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TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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DEVICE OPERATION 


Device operation 
The KM44G256C/CL/CSL contains 1,048,576 memory 
locations organzed as 262,144 four-bit words. Eighteen 
address bits are required to address a paricular 4-bit 
word in the memory array. Since the KM44C256C/CL- 
/CSL has only 9 address input pins,time multiplexed 
addressing is used to input 9 row and 9 column 
addresses. The multiplexing is controlled by the timing 
relationship between the row address strobe (RAS), the 
column .adress strobe(CAS), and the valid row and 
column address inputs. 
Operation of the KM44C256C/CL/CSL begins by 
strobing in a valid row address with RAS while CAS 
remains high. Then the address on the 9 address input 
‘pins is changed from a row address to a column 
address and is strobed in by CAS. This is the begin- 
ning of any KM44C256C/CL/CSL cycle in which a 
memory location is accessed. The specific type of 
cycle is determined by the state of the write enable pin 
and various timing relationships. The cycle is terminat- 
ed when both RAS and CAS have returned to the high 
state. Another cycle can be initiated after RAS remains 
high long enough to satisfy the RAS precharge time 
(tRP) requirement. 


RAS and CAS Timing 

The minimum RAS and CAS pulse widths are specified 
by tRas(min) and tcas(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera- 
tion and data integrity. Once a cycle is initiated by 
bringing RAS low, it must not be aborted prior to satis- 
fying the minimum RAS and CAS pulse widths. In addi- 
tion, a new cycle must not begin until the minimum 
RAS precharge time, tre, has been satisfied. Once a 
cycle begins, internal clocks and other circuits within 
the KM44C256C/CL/CSL begin a complex sequence 
of events. If the sequence is broken by violating mini- 
mum timing foquirernents: loss of data integrity can 
occur. 


Read 

A read cycle is achieved by maintaining the write 
enable input (W) high during RAS/CAS cycle. The 
access time is normally specified with respect to the 
falling edge of RAS. But the access time also depends 
on the falling edge of CAS and on the valid column 
address transition. 

lf CAS goes low before trcp(max) and if the column 
address is valid before trap(max), then the access time 
to valid data is specified by trac(min). However if CAS 
goes low after trcp(max), or if the column address 
becomes valid after tRap(max.), access is specified by 
tcac or taa. In order to achieve the minimum access 
time, trac(min), it is necessary to meet both trcp(max). 
and tRaD(max). 


The KM44C256C/CL/CSL has common data I/O pins. 
For this reason an output enable control input (OE) has 
been provided so the output buffer can be precisely 
controlled. For data to appear at the outputs, OE must 
be Jow for the period of time defined by to toEea and 
tOEz. 


Write 

The KM44C256C/CL/CSL can perform early write, late 
write and read-modify-write cycles. The difference 
between these cycles is in the state of data-out and is 
determined by the timing relationship between W and 
CAS. In any type of write cycle, | Data-in must be valid 
at or before the falling edge of W or CAS, whichever is 
later. 


Early \ Write: An early w write cycle is performed by bring- 
ing W low before CAS. The 4-bit wide data at the data 
input pin is written into the addressed memory cell. 
Throughout the early write cycle the output remains in 
the Hi-Z state. In the early write cycle the output 
buffers remain in he Hi-Z state regardless of the state 
of the OE input. 


Read-Modify-Write: In this cycle, valid data from the 
addressed cell appears at the output before and during 
the time that data is being written into the same cell 
location. This cycle is achieved by bringing W low after 
CAS and meeting the data sheet read-modify-write 
timing requirements. This output enable input (OE) 
must be low during the time defined by toEa and toez 
for data to appear at the outputs. If tcwo and trwo are 
not met the output may contiain invalid data. 
Conforming to the OE timing requirements prevents 
bus contention on the KM44C256C/CL/CSL's DQ pins. 


Data Output 

The KM44C256C/CL/CSL has a three-state output 
buffer which is controlled by CAS and OE. Whenever 
CAS or OE is high(Vin), the output is in the high 
impedance (Hi-Z) state. In any cycle in which valid data 
appears at the output, the output goes into the low 
impedance state in a time specified by tciz after the 
falling edge of CAS. Invalid data may be present.at the 
output during the time after tcLz and before the valid 
data appears at the output. The timing parameters 
tcac, trac and taa specify when the valid data will be 
present at the output. This is true even if anew RAS 
cycle occurs (as in hidden refresh). Each of the 
KM44C256C/CL/CSL operating cycles is listed below 
after the corresponding output state peedited by the 
cycle. 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode 
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DEVICE OPERATION (continued) 


Read-Modify-Write. 


Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, CAS-before-RAS Refresh, CAS only 
cycle. 


Indeterminate Output State: Delayed Write (tcwo or 
tRwo are not met) 


Refresh 

The data in the KM44C256C/CL/CSL is stored on a 
tiny capacitor within each memory cell. Due to leakage 
the data may leak off after a period of time. To main- 
tain data integrity it is necessary to refresh each of the 
rows every 8/64/128 ms. There are several ways to 
accomplish this. 


RAS-Only Refresh: This is the most common method 
for performing refresh. It is performed by strobing in a 
row address with RAS while CAS remains high. This 
cycle must be repeated for each of the 512 row 
addresses, (Ao~As). 


CAS-before-RAS Refresh: The KM44C256C/CL/CSL 
has CAS-before-RAS on-chip refresh capability that 
eliminates the need for external refresh addresses. If 
CAS is held low for the specified set up time (tcsr) 
before RAS goes low, the on-chip refresh circuitry is 
enabled. An internal refresh operation automatically 
occurs. The refresh address is supplied by the on-chip 
refresh address counter which is then internally incre- 
mented in preparation for the next CAS-before-RAS 
refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be per- 
formed while maintaining the latest valid data at the 
output by extending the CAS active time and cycling 
RAS. The KM44C256C/CL/CSL hidden refresh cycle is 
actually a CAS-before-RAS refresh cycle within an 
extended read cycle. The refresh row address is pro- 
vided by the on-chip refresh address counter. 


Other Refresh Methods: It is also possible to refresh the 
KM44C256C/CL/CSL by using read, write or read- 
modify write cycles. Whenever a row is accessed, all 
the cells in that row are automatically refreshed. There 
are certain applications in which it might be advanta- 
geous to perform refresh in this manner but in general 
RAS-only or CAS-before-RAS refresh is the preferred 
method. 


CAS-before-RAS Refresh Counter Test Cycle 

A special timing sequence using the CAS-before-RAS 
refresh counter test cycle provides a convenient 
method of verifying the functionality of the CAS- 
before-RAS refresh activated circuitry. The cycle 


begins as a CAS-before-RAS refresh operation. Then, 
if CAS is brought high and then low again while RAS is 
held low, the read and write operations are enabled. In 
this mode, the low address bits Ao through As are sup- 
plied by the on-chip refresh counter. 


Fast Page Mode 

The Fast page mode Provides high speed read, write 
or read-modify-write access to all memory cells within 
a selected row. These cycles may be mixed in any 
order. Then, while RAS is kept low to maintain the row 
address CAS is cycled to strobe in additional column 
addresses. This eliminates the time requried to set up 
and strobe sequential row addresses for the same 
page 


Power-up 

If RAS=Vss during power-up, the KM44C256C/CL/CSL 
could begin an active cycle. This condition results in 
higher than necessary current demands from the pow- 
er supply during power-up. It is recommended that 
RAS and CAS track with Vcc during power-up or be 
held at a_ valid Vin in order to minimize the power-up 
current. An initial pause of 200 « sec is required after 
power-up followed by 8 initialization cycles before 
proper device operation is assured. Eight initialization 
cycles are also required after any 8msec period in 
which there are no RAS cycles. An initialization cycle is 
any cycle in which RAS is cycled. 


Termination 


The lines from the TTL driver circuits to the 
KM44C256C/CL/CSL inputs act like unteminated 
transmission lines resulting in significant overshoot and 
undershoot at the inputs. To minimize overshoot it is 
advisable to terminate the input lines and to keep them 
as short as possible. Although either series or parallel 
termination may be used,series termination is generally 
recommended since it is simple and draws no addi- 
tional power. It consists of a resistor in series with the 
input line placed close to the KM44C256-C/CL/CSL 
input pin. The optimum value depends on the board 
layout. It must be determined experimentally and ‘is 
usually in the range of 20 to.40 ohms. 


Board Layout 

It is important to lay out the power and ground lines on 
memory boards in such a way that switching tran- 
sisient effects are minimized. The recommended meth- 
ods are gridded power and ground lines or separate 
power and ground planes: The power and ground lines 
act like transmission lines to the high frequency tran- 
sients generated by DRAMS. The impedance is mini- 
mized if.all the power supply traces to all the DRAMS 
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DEVICE OPERATION Continued) 


run both horizontally and vertically and are connected 
at each intersection or better yet if power and ground 
planes are used. 


Address and control lines should be as short as possi- 


ble to avoid skew. In boards with many DRAMS these 
lines should fan out from a central point like a fork or 
comb rather than being connected in a serpentine pat- 
tern. Also the control logic should be centrally located 
on large memory boards to facilitate the shortest pos- 
sible address and control lines to all the DRAMS. 


Decoupling 

The importance of proper decoupling can not be over 
emphasized. Excessive transient noise or voltage 
droop on the Vcc line can cause loss of data integrity 
(soft errors). It is recommended that the total combined 
voltage changes over time in the Vcc to Vss voltage 
(measured at the device pins) should not exceed 
500mv. 


PACKAGE DIMENSIONS 


20-LEAD PLASTIC DUAL IN-LINE PACKAGE 


0.962 (24.43) 
0.972 (24.69) 











A high frequency 0.14%F ceramic decoupling capacitor 
should be connected between the Vcc and ground 
pins of each KM44C256C/CL/CSL using the shortest 
possible traces. These capacitors act as a low 
impedance shunt for the high frequency switching tran- 
sients generated by the KM44C256C/CL/CSL and they 
supply much of the current used by the KM44C256- 
C/CL/CSL during cycling. 

In addition, a large tantalum capacitor with a value of 
47F to 100%F should be used for bulk decoupling to 
recharge the 0.14F capacitors between cycles, thereby 
reducing power line droop. The bulk decoupling 
capacitor meet the power grid or power plane. Even 
better results may be achieved by distributing more 
than one tantalum capacitor around the memory array. 


Units: Inches (Millimeters) 
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PACKAGE DIMENSIONS (Continued) 
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 
20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (Il) (Forward and Reverse Type) 


Units: Inches (millimeters) 


0.03 (0.80) 














0.298 (7.57) 
0.302 (7.67) 
0.324(8.22) 

0.359 (9.12) 
0.367 (9.32) 
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20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (I) (Forward and Reverse Type) 
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ELECTRONICS : ; f 











ae 7 es 


ONS 


we 


sass 
: oe 
SAy 
ees ; 
















Sie 





See. 


ASKS 


4M 


: RASS 


. ~ 
~ 

















KM41C4000C/CL/CSL CMOS DRAM 





4M x1 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES : GENERAL DESCRIPTION 


« Performance range: The Samsung KM41C4000C/CL/CSL is a high speed 
CMOS 4,194,304 x 1 Dynamic Random Access 
Memory. Its design is optimized for high performancd 
applications such as mainframes and mini computers, 
graphics and high performance microprocessor 
systems. 







~ KM41C4000C/CL/CSL-5 
KM41C4000C/CLICSL-6 | 60ns | 16ns | 110ns 
KM41C4000C/CL/CSL-7 
KM41C4000C/CL/CSL-8 
























The KM41C4000C/CL/CSL features Fast Page Mode 
operation which allows high speed random access of 
. Fast Page Mode operation memory cells within the same row. CAS-before-RAS 
- CAS-before-RAS refresh capability refresh capabillity provides on-chip auto refresh as an 
- RAS-only and hidden refresh capability alternative to RAS-only Refresh. All inputs and output 
are fully TTL compatible. 





¢ Fast parallel test mode capability 
* TTL compatible inputs and. output 
« Common I/O using early write 
¢ Single + 5V +10% power supply 
¢ Refresh Cycle 
— 1024 cycle/16ms (Normal) 
— 1024 cycle/128ms (L-version) 
— 1024 cycle/256ms (SL-version) 
¢ Power dissipation 
— Standby : 5.5mW(Normal) 
1.1mW(L-version) 
0.55mW(SL-version) 
— Active (50/60/70/80): 470/415/360/305mW 
¢ JEDEC standard pinout ; 
+ Available in plastic SOJ, ZIP and TSOP-II packages 


The KM41C4000C/CL/CSL is fabricated using 
Samsung's advanced CMOS process. 
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PIN CONFIGURATION (Top Views) 





* KM41C4000CJ/CLJ/CSLJ ¢ KM41C4000CZ/CLZ/CSLZ * KM41C4000CT/CLT/CSLT 
eam i 20 10 Vss 
We2 190 Q 















[Pin Names| __Pin Function | 
Address Inputs 
Data Out ; 
Read/Write Input 
Row Address Strobe 


oA 
| Ww 
| RAS 

CAS __ | Column Address Strobe 
a re 
Ground 
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ABSOLUTE MAXIMUM RATINGS* 


Parameter Symbol Value Units 
Voltage on Any Pin Relative to Vss Vin, Vout —1 to +7.0 Vv 





+— 


























Voltage on Vcc Supply Relative to Vss Vec —-1 to +7.0 V- 
Storage Temperature Ta —55 to +150 c 

Power Dissipation Pp 600 mW 
Short Circuit Output Current los mA 





* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage reference to Veg, Ta=O to 70C ) 


Parameter Symbol 


Supply Voltage 






Min 





Unit 





Ground Vss 








[ Input High Voltage Vin 


2.4 














“ Input Low Voltage 











DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 





<j< 







































Standby Current 
(RAS=CAS=W:=Vcc -0.2V) 





KM41C4000C 
KM41C4000CL 
KM41C4000CSL 














Parameter 

. e KM41C4000C/CL/CSL-5 - 
Operating Current KM41C4000C/CL/CSL-6 lect - 75 | mA 
(RAS, CAS, Address Cycling @trc=min.) KM41C4000C/CL/CSL-7 - 65 mA 
KM41C4000C/CL/CSL-8 - 55 mA 
Standby Current (RAS=CAS=W=Vin) loca - 2 mA 
precast KM41C4000C/CL/CSL-5 - 85 mA 
RAS-Only Refresh Current* KM41C4000C/CL/CSL-6 - 75 mA 
(CAS=Vin, RAS, Cycling @trc=min.) KM41C4000C/CL/CSL-7 Icc3 65 mA 
_ KM41C4000C/CL/CSL-8 - 55 mA 

KM41C4000C/CL/CSL-5 - 
Fast Page Mode Current* KM41C4000C/CL/CSL-6 ey - mA 
(RAS=ViL, CAS, Address Cycling @tec=min.) KM41C4000C/CL/CSL-7 - mA 

KM41C4000C/CL/CSL-8 - 








CAS-Before-RAS Refresh Current* 
(RAS and CAS Cycling @trc=min.) 


KM41C4000C/CL/CSL-5 
KM41C4000C/CL/CSL-6 
KM41C4000C/CL/CSL-7 
KM41C4000C/CL/CSL-8 





Icce 





Battery Back Up Current 

Average Power Supply Current, 

Battery Back Up Mode, 

Input High Voltage(Vin)=Vcc-0.2V 
CAS=CAS-Before-RAS Cycling or 0.2V 
Din=Don't Care Trc=125(L-ver.)uS 
Trc=250(SL-ver.)uS Tras=Tras min~300 














KM41C4000CL 
KM41C4000CSL 






















Icc7 







300 
150 
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DC AND OPERATING CHARACTERISTICS (continued) 


Input Leakage Current (Any input o<Vin<Vcc+0.5V 
all other pins not under test=0 volts.) 


Output Leakage Current (Data out is disabled, OV<VouT< Vcc) 
Output High Voltage Level (lox=-5mA) 


Output Low Voltage Level (loL=4.2mA) 





* Note: lcci, Ioc3, loca and Iccg are dependent on output loading and cycle rates. Specified value are obtained with 
the output open. Icc is specified as average current. lcci, Icc3, Icce, Address can be changed maximum two times 
while RAS= Vit. loca, Address can be changed maximum once during a Fast Page Mode Cycle. 


CAPACITANCE (1-28°c, vec=sv, f=1MHz) 


ener | 


Input Capacitance (D) Cin 
Input Capacitance (AorA Ato) Cue 


















| ae ee ee ee ee ee 
Parameter Symbol Units 
[Min | Max | Min| Mex | Min | Max | Min| Max | 


Random read or write cycle time | tec | go] | ato} sf 30) | 50] | os | 
Read-modty-write cycle time j tw | to] | g0f ts] tvs] is | 
Access time from RAS tRAC | | sof | eo] - | 70] 

Access time from CAS | 13 

Access time from column address tAA Bt 
CAS to output in Low-Z tc1z = 

[Output bufertun-off dey | torr | 0] 13] 
[Tansiion timefiseandta) | || 0 


RAS precharge time tRP 
RAS pulse width tRAS 
RAS hold time tRSH 
CAS hold time _ | tesk 
CAS pulse width tcas 
RAS to CAS delay time 

RAS to column address delay time 


Row address set-up time Ef] 
Row address hold time 4 
coats et w= fo} pe fe 
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KM41C4000C/CL/CSL CMOS DRAM 
AC CHARACTERISTICS (Continued) 
-5 -6 -7 -8 
Raramperer =n Min| Max | Min} Max | Min| Max | Min| Max ei ekaieis 

Column address hold time {CAH 10 10 15 15 ns 

Column address hold time referenced to RAS | tAR 40 45 55 60 ns 6 
Column address to RAS lead time tRAL 25 30 | 35 40 | ns 

Read command set-up time tRCS 0 0 0 0}. ns 

Read command hold time referenced to CAS | tRCH 0 0 0 0| ns 9 
Read command hold time referenced to RAS tRRH 0 0 | 0 i, 0 ns 9 
Write command hold time tWCH 10 10 15 15 ns 

Write command hold time referenced to RAS twcr 40 45 55 60 ns 6 
Write command pulse width twP 10 10 15 15 ns 

Write command to RAS lead time tRWL 13 15 20 20 ns 

Write command to CAS lead time tow. | 13 15 20 20 ns 
Data-in-set-up time | ts 0 0 | 0 0 ns 10° 
Data-in hold time tow | 10 10 15 15] ns | 10 
Data-in hold time referenced to RAS tDHR 40 45 55 60 ns 6 
Refresh period (Normal treF 16 16 16 | ms 

Refresh period (Low power) tREF 128 128 128 128 | ms 

Refresh period (Super low power) tREF 256 256 256 256 | ms 

Write command set-up time twcs 0 a 0 0 0 ns 8 
|GAStoWdelaytime | tow | 13] | 20 20 ns | 8 
RAS to W delay time trwo | 50 60 70 80 ns 8. 
Column address to W delay time tawo | 25 30 | 35 i rl ns 8 
CAS set-up time (CAS-before-RAS refresh) tcsr 10 10 10 10 ns 

CAS hold time(CAS-before-RAS refresh): tur | 10 10 | 15 15 ns 

RAS to CAS precharge time tRPC 5 5 5 5 ns 

CAS precharge time (C-B-R counter test cycle) tcPT 20 20 25 30 ns 

Access time from CAS precharge | {CPA 30 | 35 40 | 45 | ns 3 
Fast page mode cycle time tPC 35 40 45 50 ns 

Fast page mode read-modify-write cycle time | tprwc | 53 60 70 I 75 ns 

RAS pulse width(Fast Page Mode) trase | 50 | 200.000 | 60 | 200,000 | 70] 200,000 | 80| 200,000} ns | 
CAS precharge time(Fast page mode) tcp 10 ~ 10 10 10 ns 

RAS hold time from CAS precharge truce | 30 35 40 45 ns 

Write command set-up time (test mode in) twis | 10 10 | 10 10 ns 

Write command hold time (test mode in) tWTH | 10 10 10 | 10 ns 

W to RAS precharge time(C-B-R cycle) twaP | 10 10 10 10 ns 

W to RAS hold time(C-B-R cycle) twrH | 10 10 10 10 ns 
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TEST MODE CYCLE 


(Note. 12) 





Parameter 


Random read or write cycle time 
Read-modify-write cycle time 





Access time from RAS 
Access time from CAS 
Access time from column address 
RAS pulse width 55 65 | 10,000 
CAS pulse width 18 20| 10,000 





























Fast page mode read-modefy-write 
RAS pulse width(Fast page mode) 


NOTES 


1. An initial pause of 200us is required after power up 
followed by any 8 CAS-before-RAS or RAS-only Re- 
fresh cycles before proper device operation is 
achieved. 

2. Viximin) 2Nd Vitimax are reference levels for measuring 
timing of input signals. Transition times are measu- 
red between Vinimin) ANd Viimax, and are assumed 
to be 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL loads and 
100pF. 

4. Operation within the tacpimax limit insures that trac 
(max) Can be met. tacpimax) is specified as a reference 
point only. If tacpimax) is greater than the specified 
tacp(maxy limit, then access time is controlled exclusi- 
vely by tcac. 

. Assumes that tacp > tacpimax).’ 

. tar, twor, tour are referenced to trap(max)- 

.. This parameter defines the time at which the output 
achieves the open circuit condition and is not refer- 
nced to Von or VoL. , 

8. twcs, trwp, tewo and tawp are non restrictive opera- 

ting parameters. They are included in the data sheet 
as electrical characteristics only. If twcs > twosimin) 


am 


ELECTRONICS - 


NOOO 


11. 


12. 
13. 


14. 


75 
75 
Eek e 


the cycle is an early write cycle and the data out 
pin will remain high impedance for the duration of 
the cycle. If tewo = tewnimin) ANd tawo = trwoimin) and 
tawp = tawpimin then the cycle is a read-modify-write 
cycle and the data our will contain the data read 
from the selected address. If neither of the above 
conditions are satisfied, the condition of the data out 
is indeterminate. 











. Either tac Or tary Must be satisfied for a read cycle. 
. These parameters are referenced to the CAS leading 


edge in early write cycles and to the W leading edge 
in read-modify-write cycles. 

Operation within the trapimax limit insures that trac 
(max) Can be met. trapimax) iS specified as a reference 
point only. If taap is greater than the specified trap | 
(max) limit, then access time is controlled by taa. 
These specifications are applied in the test mode. 
In test mode read cycle, the value of trac, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

torF(imax) ANd toezmax) define the time at which the 
output achieves the open circuit condition and are 
not referenced to output voltage level. 
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TIMING DIAGRAMS 
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TIMING DIAGRAMS £(continueg) 
READ-WRITE/READ-MODIFY-WRITE CYCLE 





tras ———| 








D 
| 
q 











Qg 
on 


= <P ee 
Vii x / 




















sv, OX 5B KO Satis OR OIRO IR 


tawp tawe 


-—_———- tewo towe 





S| 





= LN 


nee ess ee 
BT KKK OM LOACOL Aaa 


os COOK AG SESE oF, PRIS 
trac ia Be 


XY 


toac 
te.z-— 








oO 
< 

fe} 

z 

| 


FAST. PAGE MODE READ CYCLE 


ae trasp 











Vin 
Vi — 


= 
f= 'rcD 
aes Vin = (x7 ; \ tcas 
Vit = ” ; J. 


top top 
tcas 
tasr lens t k mi tcoaH 
sae pee ica | | a aa 
. Vi — A) ZY YY COLUMN KAYOAA COLUMN XXX 
A eke AERA wh Ch WKY) 
ie i 


+--+ tar 


s) 
a 





2) 
an 





e 
& 
SY 











< 













trap- 





tacs . | trcu 


tacs 





= Vi — DOI 4 a eee 
Wn SRR | XY 


trac 








teiz 


toiz 


RY DON'T CARE 


ELECTRONICS 





toiz 





KM41C4000C/CL/CSL | CMOS DRAM 





TIMING DIAGRAMS (Continued) 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, D, Aio= Don’t Care 
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CAS-BEFORE-RAS REFRESH CYCLE 
Note: Address=Don’t Care 
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TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 
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TIMING: DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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_ TIMING DIAGRAMS 6 continued) 


TEST MODE IN CYCLE 
NOTE: D, Address=Don't Care 


ae, Vin — 
RAS 
er trec 
tcp 
heal tcsr 
oe ye aa 
CAS 
Vi 
Ww 
1. — XRAY 
torr 
Q Vou ms 


TEST MODE DESCRIPTION 


The KM41C4000C/CL/CSL is the RAM organized 4, 
194,304 words by 1 bit it is internally organized 524, 
288 words by 8 bits. In "Test Mode", data are written 
into 8 sectors in paratlel and retrieved the same way. 
Column address bit Ao and A1o are not used. ff, upon 
reading, all bits are equal (all "1" or "O"s) the Q pin 
indicates a "1". 

If they were not equal, the Q pin would indicate a "0". 


CMOS DRAM 


tac 


tras 


tour 


SOON 


AAR KK KARE 


eK DON’T CARE 


In "Test Mode", the 4M DRAM can be tested as if it 
were a 512K DRAM. W, CAS-BEFORE-RAS Cycle (Test 
Mode in Cycle) puts the device into “Test Mode", And 
"CAS-BEFORE-RAS REFRESH CYCLE" or "RAS-only- 
Refresh Cycle" puts it back into "Normal Mode’. 
During the test mode operation, a WCBR cycle is used 
to perform refresh. The "Test Mode" function reduces 
test time(1/8 in cases of N test pattern.) 
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~ DEVICE OPERATION 


. Device Operation 
The KM41C4000C/CL/CSL contains 4,194,304 memory 
locations. Twenty-two address bits are required to 
address a particular memory location. Since the 
KM41C4000C/CL/CSL has only 11 address input pint, 
time multiplexed addressing is used to input 11 row and 
11 column address. The multiplexing is controlled by 

’ the timing relationship between the row address strobe 
(RAS), the column address strobe(CAS), and the valid 

- row and column address inputs. 


-. Operating of the KM41C4000C/CL/CSL begins by 
‘--" gtrobing in valid row address with RAS while CAS 


input pins is changed from a row address to a column 
: address and is strobed in by CAS. This is the beginning 
of any KM41C4000C/CL/CSL cycle in which a memory 
location is accessed. The specific type of cycle is deter- 
mined by the state of the write enable pin and various 
timing relationships. The cycle is terminated when both 
RAS and CAS have returned to the high state. Another 
cycle can be initiated after RAS remains high long 
enough to satisfy the RAS precharge time(trr) require- 
~ ment. 


- RAS and CAS Timing 
. The minimum RAS and CAS pulse widths are specified 
by tras(min) and tcas(min) respectively. These mini- 
’ mum pulse widths must be satisfied for proper device 
“ operation and data integrity. Once a cycle is initiated by 
 « bringing RAS tow, it must not be aborted prior to satisfy- 
_., ing the minimum RAS and CAS pulse widths. In. addi- 
"tion, a new cycle must not begin until the minimum RAS 
a4 precharge time, tRP, has been satisfied. Once a cycle 
- begins, internal clocks and other circuits within the 
KM41C4000C/CL/CSL begin a complex sequence. of 
__ events. If the sequence is broken by violating minimum 
"timing requirements, loss of data integrity can occur. 
© Read 
* A read cycle is achieved by maintaining the write 
_ enable input(W) high during a RAS/CAS cycle. If CAS 
goes low before tacp(max) the access time to valid data 
is specified by trac. if CAS goes low after tacp(max), 
~- the access time is measured from CAS and is specified 
~«. by tcac. In order to achieve the minmum access time, 


oR. 


*; 


(max). 


~ Write 


ee - The KM41C4000C/CL/CSL can perform early write, late 


write and read-modify-write cycles. The differece 
* between these cycles is in the state of data-out and is 
© determined by the. timing relationship between W and 
~_» CAS. Inany type of write cycle, Data-in must be valid at 


Rote 


remains high. Then the address on the 11 address ~ 


o « trac(min), it is necessary to bring CAS low before taco 


or before the falling edge of W or CAS, whichever. is 
later. : 


Early Write: An early write cycle is performed by bring- 
ing W low before CAS. The data at the data input pin 
(D) is written into the addressed memory cell. 
Throughout the early write cycle the output remains in 
the Hi-Z state. The cycle is good for common I/O appli- 
cations because the data-in and data-out pins may be 
tied together without bus contention. 


Read-Modify-Write: In this cycle, valid data from the 
addressed cell appears at the output before and dunng 
the time that data is being written into the same cell 
location. This cycle is achieved by bringing W low 
afterCAS and meeting the data sheet read-modify-write 
cycle timing requirements. This cycle requires using a 
separate I/O to avoid bus contention 


Late Write: If W is brought low after CAS, a late write 
cycle will occur, The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, trwp, tcwp and tawp, are not necessarily 
met. The state of date-out is indeteminate since the 
output can be either Hi-Z or contain data depending on 
the timing conditions. This cycle requires a separate I/O 


to avoid bus contention. 


Data Output 

The KM41C4000C/CL/CSL has three-state output 
buffer which are controlled by CAS. Whenever CAS is 
high(Vin), the outputs is in the high impedance (Hi-Z) 
state. In any cycle in which valid data appears at the 
output, the putput goes into the low impedance state in 
a time specified by tc.z after the falling edge of CAS, 
Invalid data may be present at the output during the 
time after tc.z and before the valid data appears at the 
output. The timing parameters tcac, tRAC and TAA speci- 
fy when the valid data the output until CAS returns high. 
This is true even if anew RAS cycle occurs (as in hid- . 
den refresh). Each of the KM41C4000C/CL/CSL oper- 
ating cycles is listed below after the corresponding out- 
put state produced by the cycle. 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode 
Read-Modify-Write. 


Hi-Z Output State: Early Write, RAS-only Refresh, Fast 


' Page Mode Write, CAS-before-RAS Refresh, CAS-only _ 


cycle. 
Indeterminate Output State: Delayed Write 


Refresh 
The data in the KM41C400G0C/CL/CSL is stored on a 








ELECTRONICS 


i ” Peamsuns 
‘ 
» % 


122 


KM41C4000C/CL/CSL 


CMOS DRAM 





DEVICE OPERATION (continued) 


tiny capacitor within each memory cell. Due to leakage 
the data may leak off after a period of time. To maintain 
data integrity it is necessary to refresh each of the rows 
every 16/128/256 ms. There several ways to 
accomplish this. 


RAS-Only Refresh: This is the most common method 
‘for performing refresh. It is performed by strobing in a 
row address. with RAS while CAS remains high. This 
cycle must be repeated for each row. 


CAS-before-RAS Refresh: The KM41C4000C/CL/CSL 
has CAS-before-RAS on-chip refresh capability that 
eliminates the need for external refresh addresses. If 
CAS input is held low for the specified set up time 
(tcsR) before RAS goes low, the on-chip refresh circuit- 
ry is enabled. An internal refresh operation auto-mati- 
cally occurs. The refresh address is supplied by the on- 
chip refresh address counter which is then internally 
incremented in preparation for the next CAS-before- 
RAS refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be per- 
formed while maintaining the latest valid data at the 
output by extending the CAS active time and cycling 
RAS. The KM41C4000C/CL/CSL hidden refresh cycle 
is actually a CAS-before-RAS refresh cycle within an 
extended read cycle. The refresh row address is provid- 
ed by the on-chip refresh address counter. 

Other Refresh Methods: It is also possible to refresh the 
KM41C4000C/CL/CSL by using read, write or read- 
modify write cycles. Whenever a row is accessed, all 
the cells in that row are automatically refreshed. There 
are certain applications in which it might be advanta- 
geous to perform refresh in this manner but in general 
RAS-only or CAS-before-RAS refresh is the preferred 
method. 


Fast Page Mode 

The KM41C4000C/CL/CSL has Fast page mode capa- 
bility. Fast page mode memory cycles provides faster 
access and lower power dissipation than normal memo- 
ry cycles. In Fast page mode, it is possible to perform 
read, write or read-modify-write cyclels. As long as the 
applicable timing requirements are observed, it is possi- 
ble to mix these cycles in.any order. A fast page mode 
cycle beging with a normal cycle. Then, while RAS is 
kept low to maintain the CAS is cycled to strobe in addi- 
tional column addresses. This eliminates the time 
required to set up and strobe sequential row addresses 
for the same page. Up to 2048 memory cells can be 
accessed with the same row address. 


CAS-before-RAS Refresh Counter Test Cycle 
A special timing sequence using the CAS-before-RAS 
counter test cycle provides a convenient method of ver- 
ifying the functionality of the CAS-before-RAS refresh 
activated circuitry. 


After the CAS-before-RAS refresh operation, is CAS 
goes high and then low again while RAS is held low, 
the read and write operations are enabled, 


This is shown in the CAS-before-RAS counter test 
cycle timing diagram. A memory cell can be addressed 
with 11 row address bits and 11 column address bits 
defined as follows 


Row Address- Bits Ao through Ag are supplied by the 
on-chip refresh counter. This A1o bit is set high interally. 


Column Address-Bits Ao through A1o are strobed -in by 
the falling edge of CAS as in a normal memory cycle. 


Suggested CAS-before-RAS Counter 
Test Procedure 

The CAS-before-RAS refresh counter test ice timing 
is used in each of the following steps: 


1. Initialize the internal refresh counter by perfoming 


8CAS-before-RAS cycles. 

2. Write a test patten of “lows"into the memory cells at 
a single column address and 1024 row address(The 
row addresses are supplied by the on-chip refresh 
counter) 

3. Using read-modify-write cycles, read the “lows'writ- 
ten during step 2 and write “highs” into the same 
memory locations. Perform this step 1024 times so 
that highs are written into the 1024 memory cells. 

4. Read the “highs” written during step 3. 

5. Complement the test pattern and repeat steps 2, 3 
and 4. 


Power-up 

If RAS=Vss during power-up, the KM41C4000C/CL/CSL 
could begin an active cycle. This condition results in 
higher than necessary current demands from the power 
supply during power-up. It is recommended that RAS 
and ply during power-up. It is recommended that RAS 
and CAS track with Vcc during power-up or be held a 
valid VIH in order to minimize the power-up current. An 
initial pause of 200 « sec is required after power-up fol- 
lowed by any 8 RAS cycles before proper device oper- 
ation is assured. Eight initialization cycles. aré also 
required after any 16(L-version:128, SL-version:256) 
msec period in which there are no RAS cycles. An 
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KM41C4000C/CL/CSL 


DEVICE OPERATION (Continued) 


initialization cycle in which RAS is cycled. 


Termination 


The lines from the TTL driver circuits to the 
KM41C4000C/CL/CSL inputs act like unterminated 
transmission lines resulting in significant overshoot and 
undershoot at the inputs. To minimize overshoot it is 
advisable to terminate the input lines and to keep them 
as short as possible. Although either series or parallel 
temination may be used,series temination is generallu 
recommended since it is simple and draws on addition- 
al power. It consists of a resistor in series with the input 
line placed close to the KM41C4000C/CL/CSL input 
pin. The optimum value depends on the board layout. It 
must be determined experimentally and is usually in the 
range of 20 to 40 ohms. 


Board Layout 

It is important to lay out the power and ground lines on 
memory boards in such a way that switching transinent 
effects are minized. The recommended methods are 
gridded power and ground lines or separate power and 
ground planes. The power and ground lines act like 
transmission lines to the high frequency transients gen- 
erated by DRAMS. The impedance is minimized if all 
the power supply traces to all the DRAMS run both hor- 
izontally and vertically and are connected at each inter 


section or better yet if power and ground planes are 


“ used. 


Decoupling 

The importance of proper decoupling can not be over 
emphasized. Excessive transient noise or voltage 
droop on the Vcc line can cause loss of data integrity 
(soft errors). It is recommended that the total combined 
voltage changes over time in the Vcc to Vss voltage - 
(measured at the device pins) should not exceed 
500mV 


A high frequency 0.1 «F ceramic decoupling capacitor 
should be connected between the Vcc and ground pins 
of each KM41C4000C/CL/CSL using the shortest pos- 
sible traces. These capacitors act as a low imped ance 
shunt for the high frequency switching transients gener- 
ated by the KM41C4000C/CL/CSL and they supply 
much of the current used by the KM41C4000C/CL/CSL 
during cycling. 


In anddition, a large tantalum capacitor with a value of 
47 »Fto 100 «Fcapacitors between cycles, thereby 
reducing power line droop. The bulk decoupling capaci- 
tor meet the power grid or power plane. Even better 
results may be achieved by distributing more than one 
tantalum capacitor around the memory array. 
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KM41C4000C/CL/CSL __ _ CMOS DRAM. 





PACKAGE DIMENSIONS (Continued) 
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: inches (millimeters) 


0.027 (0.69) 
MIN 
























0.260 (6.60) 
0.275 (6.98) 
0.330 (8.38) 
“0.340 (8.64) - 
0.012 (0.30) 


0.008 (0.20) 





0.295 (7.49) 
0.305 (7.75) 









—— 


0.670 (17.02) J 0.128 (3.25) 
0.145 (3.68) 


0.680 (17.27) 























a 0.004 (0.1) 








0.050 (1.27) . | 0.015 (0.38) 0.026 (0.66) 
TYP 0.021 (0.53) 0.032 (0.81) 
0.050 (1.27) 
MAX 


20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 


1.025(26.04) 0.113(2.87) 
1.035(26.29) 0.120(3.05) 
¢ . 





a 












0.335(8.51) 
00(10.16) 
MAX 


ne 


0.325(8.26) 





0.009(0.23) 
0.013(0.33) 


0.100(2.54) 
TYP 





ts 


0.016(0.41) | | i 0.050(1.27) 0.050(1.27) 0.100(2.54) 
0.024(0.61) TYP MAX MIN 
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PACKAGE DIMENSIONS £<continuea) : 
20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (II) (Forward and Reverse Type) 
Units: Inches (millimeters) 


0.03 (0.80) 











0.367 (9.32) 


0.324(8.22) 
0.359 (9.12) 








0.671 (17.04) 
0.679 (17.24) 





0.047 (1.20) 


i 

| 

| 

| 

| 

| 

l 

I 
0.298 (7.57) | 
0.302 (7.67) 





0.039 (1.0) 





0.005 (0.13) 
0.008 (0.20) 





(ran a ee ee 
S[ooscm) CHARHE— THAAD 
0.048 (1.22) | | 0.012 (0.30) 
0.052 (1.32) 0.020 (0.50) 
0.016 (0.40) 
0.024 (0.60) 
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4M x1 Bit CMOS Dynamic RAM with Static Column Mode - 
FEATURES GENERAL DESCRIPTION 


« Performance range: The Samsung KM41C4002C is a CMOS high speed 4,.° : 
194,304 x 1. Dynamic Random Access Memory. Its - 
| stra | teac | tre | design is optimized for high performance applications~ .- 
KM41C4002C-5 | 50ns | 13ns | 90ns | such as mainframes and. mini computers, graphics and 
KM41C4002C-6 | eons | 16ns | 110ns | high performance microprocessor systems. 


KM41C4002C-7 The KM41C4002C features Static Column Mode .. 
KM41C4002C-8 | sons | 20ns | 150ns | operation which allows high speed random or 


Sequential access within a row. Static Column Mode. : 
operation offers high performance while relaxing many 
critical system timing requirements for fast usable _ 
speed. 





¢ Static Column Mode operation 

¢ CS-before-RAS refresh capability 

« RAS-only and Hidden Refresh capability 
« Fast parallel test mode Capability 

¢ TTL compatible inputs and outputs 

« Commom I/O using Early Write 

¢ Single +5.0V+10% power supply 

* 1024 cycles/16ms refresh The KM41C4002C is fabricated using Samsung's ° 


. JEDEC Standard pinout advanced CMOS process. 
¢ Available in plastic SOJ, ZIP and TSOP(II) Packages 


CS-before-RAS refresh capability provides on-chip - 
auto refresh as an alternative to RAS-only refresh. All - 
inputs and output are fully TTL compatible. 


FUNCTIONAL BLOCK DIAGRAM 
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PIN CONFIGURATION (Top Views) 


* KM41C4002CJ * KM4104002CZ * KM41C4002CT 















° KM41C4002CTR 


[Pin Names [Pin Function | 
Address Inputs 


Read/Write Input 
Row Address Strobe 
Chip Select Input 


Power (+ Ad 
Ground 
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ABSOLUTE MAXIMUM RATINGS 


[—___Perametr———«d|Smbot[Ratng i 
[ Wotage on Any Pin Relative toves «|W Voor [tt e709 «| 
[etg or Sippy Fe oes [ee tw vr 
[seraeterorawe | Paste 
[Power Disinaion ————SSC~=~idCSC‘“‘ SSS 
TC ce a Se” RT Ue 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to abso- 
lute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 














KM4104002C-5 
Operating Current* KM41C4002C-6 
(RAS and CS Cycling @trc=min.) KM41C4002C-7 
KM41C4002C-8 


Standby Current (RAS=CS=W=Vin ) 


KM41C04002C-5 
KM41C4002C-6 
KM41C04002C-7 
KM41C4002C-8 


KM41C4002C-5 

Static Column Mode Current* KM4104002C-6 
(RAS=CS=ViL, Address Cycling @tpc=min.) KM41C4002C-7 
, KM41C4002C-8 


Standby Current (RAS=CS=W=Vcc-0.2V) 


f KM41C4002C-5 
CS-Before-RAS Refresh Current* KM41C4002C-6 
(RAS and CS Cycling @trc=min.) KM41C4002C-7 

KM41C04002C-8 


RAS-Only Refresh Current* 


(CS=Vin, RAS, Address Cycling @tac=min.) 


Input Leakage Current 
(Any input 0<Vin <Vcc+0.5V, all other pins not under test=0 volts.) 


Output Léakage Current 
(Data out is disabled, 0V<VouT< Vcc) 


Output High Voltage Level (loH=-5mA) 
Output Low Voltage Level (lo.=4.2mA) 





*NOTE: Icc1, Icc3, Icc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained with the 
output open. Icc is specified as an average current. Icc1, Icc3, Iccé Address can be changéd maximum two times 
while RAS=ViL. In Icc4, Address can be changed maximum once during a Static Column mode cycle. 
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CAPACITANCE (1a=25°c, Vcc=5v, f=1MHz) 


ee ee 


Input Capacitance (Ao~Aj10) pF 





AC CHARACTERISTICS (°c <14<70°C, Voo=5.0V+10%, See notes 1,2) 


Parameter 


x is 

= [o) 

oO 
1 
“NI 


—_ 
nn 
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Random read or write cycle time 





_ 
~~ 
oO 


Read-modify-write cycle time 


a 
nD 
oO 


Static column mode cycle time 


3 
= 
ro) 
an 
co 


3/2 /¢c 
Ff = |* 
= 


Static column mode read-write cycle time 
Access time from RAS 
Access time from CS 


Access time from column address 


ao 


Access time from last write 
CS to output in Low-Z 
Output buffer turn-off delay 


SIs |e So |x 
ae lel ele 


S 
=x 


Output data hold time from column address 
Output data enable time from W 
Output data hold time from W 


= 
= 
sls 
wo = rm [Po 
3 |s | le Sle 
eae Weer 
—_ —a wolhowil- 
on [Sa] wo al aolae 
= ao |o 
= fo 
mi~wirw in ina ~ om |e 
SIs {salo]oa [oe on n Ss |S 
a5 
So 
2 
S a > Dey nmin 
S a a oS We ey 
~| 


ioe 

| 

ea 
Transition time (rise and fall) | 50 
RAS precharge time tRP =e = 
RAS pulse width tras 
RAS pulse width(static column mode) 
FAS hot ire Fassel Oe 
CS hold time | | ie oil a 
CS pulse width tcs 10,000 10,000 10,000 


C5 pulse width (static column mode) 
RAS to CS delay time 


RAS to column address delay time 


31S 

oO ioe 

Oo lo) 
= 
oS 
o 
So 

—_ NR 


ee [ts 
8is 
Qo |o 
& s/s 













g |g 
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CS to RAS precharge time 
CS precharge time (static column mode) 






Row address set-up time 


sis ils lo 
nn n 
is) FS S|? 


Row address hold time 


Column address set-up time 
Column address hold 


s 
@ |< 
rm lo 
SI8is 
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~~ |S 
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Write address hold time referenced to RAS 
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Note 


AC CHARACTERISTICS (Continued) 


Parameter 


Column address hold time referenced to RAS twa | | | nm) | 
Column address to RAS lead time ft | 2/ | of | 
Column address hold time referenced to RAS rise. ftw | s{ || 


trwaD | 20 25 


: 


no ow 
Oo on 










ho 
o 


w 





Last Write to column address to delay time 






Last write to column address gold time 


Read command set-up time 


| 0 
Read command hold time referenced to CS | tron | of || 
Read command hold time referenced to RAS lt | of | a 
Write command hold time Htwor | tof | 10] 


Write command hold time referenced to RAS 


ow =—_fjo2]};2 )/2 [|= = a jos fof — —~i |} nN 
ao ojo fo }o |o on alin! o lm on ataian 


A 
Be) 
le 
= fo] 
np a], an 
= 
Qo 


= 
uv 
A 
OQ 


Write command pulse width 


Write command inactive time 


a 
Es 
Oo 
ls 
tf) 
| 
Oo 





= 
or 


Write command to RAS lead time 


Write command to CS lead time 


= 
on 


| Data-in set-up time 
Data-in hold time - 
Data-in hold time referenced to RAS 
Refresh period (1024 cycles) 


Siz ig is isis iz 
mir fi|yr |o 
8 |B |S 2 |2 


nO = = — |— |r _ = =a [os 
Oo on oOo Qo Oo Oo on ao Oo wo or 
RO = =a jouw }]m = pS | ao 


Write command set-up time 

CS to W delay time 

RAS to W delay time 

Column address to W delay time 

CS setup time (CS-before-RAS refresh) 
CS hold time (CS-before-RAS refresh) 
Write command set-up time (test mode in) 


ro 
= 
i=} 


Sis ix 
ale 


ot 
[e) 
x 
a 


Write command hold time (test mode in) 

Wto RAS precharge time (CS-before-RAS cycle) 
Wto RAS hold time (CS-before-RAS cycle) 

RAS precharge to CS hold time ~ 
Refresh counter test CS precharge time 
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TEST MODE CYCLE | . (Note.13) 


3 
ccesstimefrom FAS | ta 
Accesstime from column adress | tak 
FAS pulsewidth | ts | 
[Column address toFAS leadtime | tr. 
FAS toWite enable delay | | 
tse 
AS puise width (Static column mode) | tase | 
ta 





> ~ 
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NOTES | | 

1. An initial pause of 200us is required after power- and the data out pin will remain high impedance for 
up followed by any 8 CBR or ROR cycles before’ the duration of the cycle. If tewo2tcwpimin) and 
proper device operation is achieved. trwo2trwp(min) and tawo2tawnimin), then the cycle 

2. Virimin) and Vi(max) are reference levels for measur- is a read-write cycle and the data out will contain 
ing timing of input signals. Transition times are the data read from the selected address. If neither 
measured between Vinimin) and Vir~max), and are of the above conditions are satisfied, the condition 
assumed to be 5ns for all inputs. of the data out is indeterminate. 

3. Measured with a load equivalent to 2 TTL loads and 9. Either tac or taRH must be satisfied for a read 
100pF cycle. es 

4. Operation within the trcpimax) limit insures that 10. These parameters are referenced to the CS leading 
trac(max) Can be met. trcpimax) is specified as a edge in early write cycles and to the W leading edge 
reference point only. If tacp is greater than the in read-write cycles. 
specified trcp(max limit, then access time is con- 11. Operation within the trap(max) limit insures that 
trolled exclusively by tcac. trac(max) can be met. trap(max) is specified as a 

5. Assumes that tacp>trcD(max)- reference point only. If trap is greater than the 

6. tawr, twor, tour are referenced to trRap(max) specified trapimax) limit, then access time is con- 

7. This parameter defines the time at which the out- trolled by taa. 
put achieves the open circuit condition and is not 12. Operation within the ttwapimax) limit insures that 
refernced to Von or VoL. taLwimax) Can be met. tLwap(max) is specified as a 

8. twcs, tawp, tcwo and tawp are non restrictive reference point only. t.wap is greater than the 
operating parameters. They are included in the data specified tLwapimax limit, then access time is con- 
sheet as electrical characteristics only. If . trolled by taa. 


twcs2twcs(min) the cycle is an early write cycle 13. These specifications are applied in the test mode. 
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TIMING DIAGRAMS 
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TIMING DIAGRAMS (Continued) 








WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAMS (continued) 
STATIC COLUMN MODE READ CYCLE 
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STATIC COLUMN MODE WRITE CYCLE (W controlled early write) 
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TIMING DIAGRAMS (Continued) 
STATIC COLUMN MODE WRITE CYCLE (CS controlled early write) 
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TIMING DIAGRAMS (Continued) 
STATIC COLUMN MODE MIXED CYCLE 
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TIMING DIAGRAMS 6 continued) 
HIDDEN REFRESH CYCLE (READ) 
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HIDDEN REFRESH CYCLE (WRITE) 
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TIMING DIAGRAMS 6 continued) 
CS-BEFORE-RAS BEFRESH COUNTER TEST CYCLE 
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TIMING DIAGRAMS continued) 


TEST MODE IN CYCLE 
NOTE: D, Address=Don’t Care: 
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TEST MODE DESCRIPTION 


The KM41C4002C is the RAM organized 4,194,304 
words by 1 bit, it is internally organized 524,288 words 
by 8 bits. In “Test Mode’, data are written into 8 sec- 
tors in parallel and retrieved the same way. Aior. Aioc 
and Aoc are not used. If, upon reading, all bits are equal 
(all ‘1s or “O”'s), the data output pin indicates a “1”. 
If any of the bits differed, the data output pin would in- 


XX 
XXX YOK ER ik ay 


Ky WY XXX 
















XXX) Or WAY NK aX 
NON BARRA 





RYN RAXXYRAANNN 


AYN) YR 
XY WY 


XY 
SXXXXYA WK 


OPEN 
KX DON’T CARE 


dicate a ‘“‘O” In “Test Mode’, the 4M DRAM can be tested 
as if it were a512K DRAM. W, CS-Before-RAS Cycle 
(Test Mode in Cycle) puts the device into “‘Test Mode’”’. 
And “CS-Before-RAS Refresh Cycle” or “RAS only 
Refresh Cycle” puts it back into “Normal Mode’’. The 
“Test Mode” function reduces test time (1/8 in cases 
of N test pattern). 
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DEVICE OPERATION 


Device Operation 

_ The KM41C4002C contains 4,194,304 memory loca- 
tions. Twenty-two address bits are required to address 
a particular memory location. Since the KM41C4002C 
has only 11 address input pins, time multiplexed 
addressing is used to input 11 row and 11 column 
addresses. The multiplexing is controlled by the timing 
relationship between the row address strobe (RAS), the 
chip select input(CS) and the valid row and column 
address inputs. 


Operation of the KM41C4002C begins by strobing in a 
valid row address with RAS while CS remains high. 
Then the address on the 11 address input pins is 
changed from a row address to a column address and 
is strobed in by CS. This is the beginning of any 
KM41C4002C cycle in which a memory location is 
accessed. The specific type of cycle is determined by 
the state of the write enable pin and various timing 
relationships. The cycle is terminated when both RAS 
and CS have returned to the high sta5e. Another cycle 
can be initiated after RAS remains high long enough to 
satisfy the RAS precharge time (tap) requirement. 


RAS and CS Timing 

The minimum RAS and CS pulse widths are specified 
by tras(min) and tcs(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera- 
tion and data integrity. Once a cycle is initated by 
bringing RAS low, it must not be aborted prior to satis- 
fying the minimum RAS and CS pulse widths. In addi- 
tion, a new cycle must not begin until the minimum 
RAS precharge time, trp, has been satisfied. Once a 
cycle begins, internal clocks and other circuits within 
the KM41C4002C bigin a complex sequence of events. 
If the sequence is broken by violating minimum timing 
requirements, loss of data integrity can occur. 


Read 

A read cycle is achieved by maintaining the write 
enable input(W) high during a RAS/CS cycle. if CS 
goes low before trcp(max), the access time to valid 
data is specified with respect to the falling edge of 
RAS. But the addess time also depends on the falling 
edge of CS and on the valid column address transition. 
If CS goes low before trcp(max) and if the column 
address is valid before trap(max) then the access time 
to valid data is specified by trac(min). However, if CS 
goes low after tRcp(max) or if the column address 
becomes valid after trap(max), access is specified by 
tcac or taa. In order to achieve the minimum access 
time, trac(min), it is necessary to meet both trcp(max) 
and trap(max). 


Write 

The KM41C4002C can perform early write, late write 
and read-modify-write cycles. The differece between 
these cycles is in the state of data-out and is deter- 
mined by the timing relationship between W and CS. In 
any type of write cycle, Data-in must be valid at or 
before the falling edge of W or CS, whichever is later. 


Early Write: An early write cycle is performed by bring- 
ing W low before CS. The data at the data input pin(D) 
is wirtten into the addressed memory cell. Throughout 
the early write cycle the output remains in the Hi-Z 
state. This cycle is good for common I/O applications 
because the data-in and data-out pins may be tied 
together without bus contention. 


Read-Modify-Write: In this cycle, valid data from the 
daaressed cell appears at the output before and during 
the time that data is being written into the same cell 
location. This cycle is achieved by bringing W low after 
CS and meeting the data sheet read-modify-write 
cycle timing requirements. This cycle requires using a 
separate I/O to avoid bus contention. 


Late Write: If W is brought low after CS, a late write 
cycle will occur. The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, tCWD and tAWD are not necessarily met. 
The state of data-out is indeterminate since the output 
can be either Hi-Z or contain data depending on the 
timing conditions. This cycle requires a separate I/O to 
avoid bus contention. 


Data Output 

The KM41C4002C has a three-state output buffer 
which is controlled by CS. Whenever CS is high(VIH) 
the output is in the high impedance(Hi-Z) state. In any 
cycle in which valid data appears at the output, the 
output goes into the low impedance state in a time 


‘specified by tciz after the falling edge of CS. Invalid 


data may be present at the output during the time after 
tcLz and before the valid data appears at the output. 
The timing paraneters tcac, trac and taa specify when 
the valid data will be present at the output. The valid 
data remains at the output until CS returns high. This is 
true even if a new RAS cycle occurs (as in hidden 
refresh). Each of the KM41C4002C operating cycles is 
listed below after the corresponding output state pro- 
duced by the cycle. 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Static Column Mode Read, Static Column 
Mode Read-Modify-Write. : 
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DEVICE OPERATION (Continued) 


Hi-Z Output State: Early Write, RAS-only Refresh, 


Static Column Mode Write, CS-before-RAS Refresh, - 


C5-only cycle. 
Indeterminate Output State: Delayed Write 


Refresh 
The data in the KM41C4002C is stored on a tiny 


capacitor within each memory cell. Due to leakage the — 


data may leak off after a-period of time. To maintain 
data integrity it is necessary to refresh each of the 
rows every 16ms. There are several ways to accom- 
plish this. 


RAS-Only-Refresh: This is the most common method 
for performing refresh. It is performed by strobing in a 

“row address with RAS while CS remains high. This 
cycle must be repeated for each row. 


CS-before-RAS Refresh: The KM41C4002C has CS- 
Before-RAS on-chip refresh capability that eliminates 
the need for external refresh addresses. If CS is held 
. low for the specified set up time (tcsr) before RAS 
goes low, the on-chip refresh circuitry is enabled. An 
internal refresh operation automatically occurs. The 
refresh address is supplied by the on-chip refresh 
address counter which is then internally incremented in 
preparation for the next CS-before-RAS refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be per- 
formed while maintaining the latest valid data at the 
output by extending the CS active time and cycling 
RAS. The KM41C4002C hidden refresh cycle is actu- 
ally CS-before-RAS refresh cycle within an extended 
read cycle. The refresh row address is provided by the 
on-chip refresh address counter. 


Other Refresh Methods: It is also possible to refresh 
the KM41C4002C by using read, write or read-modify- 
write cycles. Whenever a row is accessed, all the cells 
in that row are automatically refreshed. There are cer- 
‘tain applications in which it might be advantateous to 
perform refresh in this mammer but in gheneral RAS- 


only or CS-before-RAS refresh is the preferred 


method. . 


_ Static Column Mode » 

Static Column Mode allows high speed read, write or 
read-modity-write random access to all the memory 
cells within a selected row. Operation within a selected 
row is similar to a static RAM. The read, write or 
readmodify-write cycles may be mixed in any order. 

A Static Column mode read cycles starts as a normal 
cycle. Additional cells within the selected row are writ- 
ten by applying a new column address while W=ViH 
and RAS=VIL. 


A Static Column mode write cycle starts as a normal 
cycle. Additional cells within the selected ro are written 
by applying a new column address while RAS=Vit and 
toggiling either W or CS. The data is written into the 
cell trigered by the latter fallin edge of W or CS. 


CS-before-RAS Refresh Counter Test Cycle 
A special timing sequence using the CS-before-RAS 
refresh counter test cycle provides a convenient 
method of verifying the functionality of the CS- 
befofore-RAS refresh activated circuitry. 


After the CS-before-RAS refresh operation, is cs goes 
high and then low again while RAS is held low, the read 
and write operations are enabled. 


This is shown in the CS-before-RAS counter test cycle 
timing diagram. A memory ‘cell can be addressed with 
11 row address bits and 11 column address bits 
defined as follows. ; 


Row Address — Bits AO through A9 are supplied by 
the on-chip refresh counter. The A10 bit is set: High 
internally. 


Column Address — Bits AO through A10 are strobed-in 
by the falling edge of CS as in a normal memory cycle. 


Suggested CS-before-RAS Counter Test | 
Procedure 

The CS-before-RAS refresh counter test cycle timing is 
used in each of the following steps: 


1. nitialize the internal refresh counter by performing 
8 cycles. , 

2. Write a test pattern of "lows" into the memory cells 
at a single column address and 512 row address. 
(The row addresses are supplied by the on-chip 
refresh counter). 

3. Using read-modify-write cycles, read the "lows" 
written during step 2 and write "highs" into the 
same memory locations. Perform this step 512 
times so that highs are written into the 512 memo- 
ry cells. 

4. Read the "highs" written during step 3. 

5. Complement the test pattern and repeat steps 2,3 
and 4 


Power-up 

If RAS= Vss during power-up, the KM41C4002C could 
begin an active cycle. This coundition results in higher 
than necessary current demands from the power sup- 
plu during power-up. It is recommended that RAS and 


_CS track with Vcc during power-up or be held at a 


valid Vin in order to minimize the power-up current. 
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DEVICE OPERATION (Continued) 


An initial pause of 200 sec is required after power-up 
followed by 8 initialization cycles before proper device 
operation is assured. Eight initialization cycles are also 
required after any 8 msec period in which there are no 
RAS cycles. An initialization cycle is any cycle in which 
RAS is cycled. 


Termination 

The lines from the TTL driver circuits to the 
KM41C4002C inputs act like unterminated transmis- 
sion lines resulting in significant overshoot and under- 
shoot at the inputs. To minimize overshoot it is advis- 
able to terminate the input lines and to keep them as 
short sa possible. Although either series or parallel ter- 
mination may be used, series termination is generally 
recommended since it is simple and draws no addi- 
tional power. It consists of a resistor in series with the 
input line placed close to the KM41C4002C input pin. 
The optimum value depends on the board layout. It 
must be determined experimentally and is usually in 
the range of 20 to 40 ohms. 


Board Layout 

It is important to lay out the power and ground lines on 
memory boards in such a way that switching transient 
effects are minimized. The recommended methods are 
gridded power and ground lines or separate power and 
ground planes. The power and ground lines act like 
transmission lines to the high frequency transients gen- 
erated by DRAMS. The impedance is minimized if all 
the power supply traces to all the DRAMS run both 


PACKAGE DIMENSIONS 


horizontally and verticaooy and are connected at each 
intersection or better yet if power and ground planes 
are used. 


Decoupling 

The importance of proper decoupling can not be over 
emphasized. Excessive transient noise or voltage 
droop on the Vcc line can cause loss of data integrity 
(soft erros). It is recommended that the total combined 
voltage changes over time in the Vcc to Vss voltage 
(measured at the device pins) should not exceed 
500mvV. 


A high frequency 0.14F ceramic decoupling capacitor 
should be connected between the Vcc and ground 
pins of each KM41C4002C using the shortest possible 
traces. These capacitors act as a low impedance shunt 
for the. high frequency switching transients generated 
by the KM41C4002C and they supply much of the cur- 
rent used by the KM41C4002C during cycling. 


In addition, a large tantalum capacitor with a value of 
47F to 100%F should be used for bulk decoupling to 
recharge the 0.14F capacitors between cycles, thereby 
reducing power line droop. The bulk decoupling 
capacitor should be placed near the point where the 
power traces meet the power grid or power plane. 
Even better results may be achieved by distributing 
more than one tantalum capacitor around the memory 
array. 


Units: Inches (Millimeters) 

















——— —~_-____-__ | 


0.300{7.62) 
0.325(8.26) 











0.862 (21.89) 
0.872 (22.15) 


0.050 (1.27) 



















0.135 (3.43) 
0.145 (3.68) 





0.100 (2.54) 
TYP 


0.035 (0.89) 
0.055 (1.40) 








0.016 (0.41) 
0.024 (0.61) 









= 





0.009 (0.23) / 


_ 9.015 (0.38) 0.013 (0.33) 
MIN 
0.183 (4.65) 
| MAX 
0.115 (2.92) 
_MIN 
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PACKAGE DIMENSIONS (continueq) 
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


0.027 (0.69) 
, MIN 
















0.260 (6.60) ° 
0.275 (6.98) 
0.330 (8.38) 
0.340 (8.64) 
0.008 (0.20) 
0.012 (0.30) 





0.295 (7.49) 
0.305 (7.75) 











0.128 (3.25) 
0.145 (3.68) 





0.670 (17.02) 
0.680 (17.27) 





iz 






















0.004 (0.1) 


0.050 (1.27) 0.015 (0.38) 
TYP 0.021 (0.53) 


20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 


1.025(26.04) : 
1.035(26.29) 
J : 


0.026 
0.032 
0.050 (1.27) 


(0.66) 
(0.81) 
MAX 





0.113(2.87) 
0.120(3.05) 










0.325(8.26) 
0.335(8.51) 


0.400(10.16) 














0.009(0.23) 
0.013(0.33) 


0.100(2.54) 0.100(2.54) 
MIN : TYP 






0.016(0.41) | L 0.050(1.27) 0.050(1.27) 
0.024(0.61) TYP MAX 
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PACKAGE DIMENSIONS (continuea) 
20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (Il) (Forward and Reverse Type) 


Units: Inches (millimeters) 


0.03 (0.80) 

















0.671 (17.04) 
0.679 (17.24) 


erro = ooo <r 


0.048 (1.22) 0.012 (0.30) 
0.052 (1.32) 0.020 (0.50) 


0.016 (0.40) | 
0.024 (0.60) 








0.047 (1.20) 


0.298 (7.57) | 

0.302 (7.67) 
0.324(8.22) 
0.359 (9.12) 
0.367 (9.32) 





0.039 (1.0) 


0,005 (0.13) 
0.008 (0.20) 
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1M x4Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


* Performance range: 


P| trv | tac | tre | 
KM44C1000C/CL/CSL-5_| 50ns | 13ns | 90ns | 
KM44C1000C/CL/CSL-6 | 60ns 
KM44C1000C/CLICSL-7_ | 70ns | 20ns | 130ns | 

rareactoo0crcyest:8 | eons | 2ors [100s 


» Fast Page Mode operation 
- CAS-before-RAS refresh capability 
« RAS-only and hidden refresh capability 
* Fast parallel test mode capability 
¢ TTL compatible inputs and outputs 
« Early Write or output enable controlled write 
¢ Single + 5V +10% power supply 
¢ Refresh Cycle 
— 1024 cycle/16ms (Normal) 
— 1024 cycle/128ms (L-version) 
— 1024 cycle/256ms (SL-version) 
¢ Power Dissipation 
— Standby: 5.5mW (Normal) 
1.1mW (L-Ver.) — 
0.55mW (SL-Ver.) 
—— Active (50/60/70/80): 470/415/360/305mW 
¢ JEDEC standard pinout 
¢ Available in plastic DIP,SOJ, ZIP and TSOP -Iil 
packages 


FUNCTIONAL BLOCK DIAGRAM 


CONTROL & 
CLOCK 

















Be) 
>| 
n 
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GENERAL DESCRIPTION 


The Samsung KM44C1000C/CL/CSL is a high speed 
CMOS 1,048,576 x 4 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as mainframes and mini computers, 
graphics and high performance microprocessor 
systems. 


The KM44C1000C/CL/CSL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alterntive to RAS-only Refresh. All inputs and outputs are 
fully TTL compatible. 


The KM44C1000C/CL/CSL is fabricated using 
Samsung's advanced CMOS process. 


REFRESH CONTROL & 
be ADDRESS COUNTER 


ie COLUMN DECODER 
i 


. SENSE AMPS & 1/0 


a 
an 
aE 
21,90 
ajo 
Ww 
Bla 
cls 
o}oO 
a;c 
< 


Ao 


Ag 


MEMORY ARRAY 
1,048,576 x 4 CELLS 
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PIN CONFIGURATION (Top Views) 


* KM44C1000CP/CLP/CSLP . KM44C1000CJ/CLJ/CSLJ * KM44C1000CZ/CLZ/CSLZ 


DQ4 


CAS 





* KM44C1000CT/CLT/CSLT * KM44C1000CTR/CLTR/CSLTR 





Pin Function 
RAS Row Address Strobe 
CAS Column Address Strobe 
WwW Read/Write Input 
OE Data Output Enable 
DQi~DQ4 | Data In/Data Out 
; Power (+5V) 
Ground 


Pin Names 







































ELECTRONICS | | 


KM44C1000C/CL/CSL | CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS* 


Voltage on Any Pin Relative to Vss Vin, Vout - —1 to +7.0 
Voltage on Vcc Supply Relative to Vss Vec —1 to +7.0 




















Storage Temperature Tsig —55 to +150 
Power Dissipation Pp 600 
Short Circuit Output Current los 50 

















* 


Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage reference to Vgc, Ta=0 to 70C ) 


Parameter 


Supply Voltage 











Ground 
Input High Voltage 
Input Low Voltage 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 







































Parameter Symbol | Min | Max [Units 
; — 7 KM44C1000C/CL/CSL-5 - 
Operating Current KM44C1000C/CL/CSL-6 - 75 | mA 
(RAS and CAS Cycling @trc=min.) KM44C1000C/CL/CSL-7 loot : 65 | mA 
KM44C1000C/CL/CSL-8 : om 55 | mA | 
Standby Current (RAS=CAS=W=Vin) Ice erg * 2 mA 
a KM44C1000C/CLICSL-5 | - | 85 | ma 
RAS-Only Refresh Current* KM44C1000C/CL/CSL-6 - 75 mA 
(CAS=ViH, RAS, Address Cycling @tRc=min.) KM44C1000C/CL/CSL-7 aad . 65 mA 
KM44C1000C/CL/CSL-8 - 55 mA 
KM44C1000C/CL/CSL-5 - | 65 | mA 
Fast Page Mode Current* KM44C1000C/CL/CSL-6 . 55 | mA 
(RAS=ViL, CAS, Address Cycling @tec=min.) KM44C1000C/CL/CSL-7 ust . 45 mA 
KM44C1000C/CL/CSL-8 | - 35 t mA 
Standby Curent . KM44C1000C 1 mA 
GRSSCASLWeVEE 6a) KM44C1000CL Iccs | . | 200 | uA 
= ee eae KM44C1000CSL i 4 100 | wA 
panes ae : KM44C1000C/CL/CSL-5 - 85 nA 
CAS-Before-RAS Refresh Current* IAC IecoeIECELe ‘ 75 na 
(RAS and CAS Cycling @trc=min.)- -KM44C1000C/CL/CSL-7 loce - 65 mA 
KM44C1000C/CL/CSL-8 - 55 mA 
Battery Back Up Current i 
Average Power Supply Current, 
Battery Back Up Mode, 
Input High Voltage(ViH)=Vcc-0.2V Ase poy Icc7 i oS AN 
Input Low Voltage(ViL)=0.2V 
CAS=CAS-Before-RAS Cycling or 0.2V 
Da1-4=Don't Care, Trco=125s(L-Ver) 
Trc=250#s(SL-Ver.), TRas=TRAS Min~300ns 
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DC AND OPERATING CHARACTERISTICS (continued) 



































Parameter Symbol | Min | Max Units 
Input Leakage Current (Any input o<Vin<Vcc+0.5V : hw 410 | 10 aA 
all other pins not under test=0 volts.) 

| 
Output Leakage Current low) 10 10 an 
(Data out is disabled, OV<VouT < Vcc) 
4. 

Output High Voltage Level (loH=-5mA) VOH 2.4 - Vv 
Output Low Voltage Level (loL=4.2mA) Vou : 0.4 Vv 


* Note: Ioc1, !loc3, leca and Iccg are dependent on output loading and cycle rates. Specified value are obtained with 
the output open. Icc is specified as average current. Icc1, Iccs, locs, Address can be changed maximum two times 
while RAS=ViL. Icca, Address can be changed maximum once during a fast page Mode cycle. 


CAPACITANCE m<=25°C, Voc=5V, f=1MHz) 


Parameter: 


Input Capacitance (Ag-Ag) 























































































-5 -6 -7 -8 
Parameter | Symbol Max | Min| Max Unit | Notes 

Random read or write cycle time 
Read-modify-write cycle time 205 ns : 
Access time from RAS 70 80; ns | 3,4,11 
Access time from CAS | 20 [ 20| ns | 3,45 | 
Access time from column address | tAA 25 30 35 40 ns 3,11 
CAS to output in Low-Z’ teLz 0 0 0 0 |_fs 3 
Output buffer turn-off delay , toFF Oo}; 13 0 15 0 20 0} 20) ns 7 
Transition time(rise and fall) tT 3 50 3 50 3 50 i 3 50] ns 2 
RAS precharge time trp | 30 L 50 60 ns 
RAS pulse width tRAS 50; 10,000 | 60 | 10,000} 70{ 10,000] 80] 10,000] ns 
RAS hold time T trash | 13 | 45 20 20 ns 
CAS hold time [tesa | 50 60 | 70) 80 | ns 
CAS pulse width tCAS 13] 10,000 | 15! 10,000} 20) 10,000} 20] 10.000; ns | 
RAS to CAS delay time tRCD 20 37, 20 [ 45] 20 50} 20} . 60] ns 4 
RAS to column address delay time | tRAD 15 25 | 15 30; 15 35} 15 40] ns 11 
CAS to RAS precharge time tcRP 5 5 5 5 ns 
Row address set-up time tASR 0 a) ns 
Row address hold time tRAH 10 10 ns 
Column address set-up time { tasc | 0 0 | ns 
Column address hold time tCAH 15 15 ns 
Column address hold time referenced to RAS taR 55 60 ns 6 
Column address to RAS lead time tRAL 35 40 ns 
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AC CHARACTERISTICS (Continued) 



































































































































Parameter ee  Max_| Min ~— Unit | Notes 
Read command set-up time trcs_| 0 0 ns 
Read command hold time referenced to CAS tRCH 0 0 ns | 
Read command hold time referenced to RAS tRRH 0 0 ns 9 
Write command hold time tWCH 10 15 == ns 
Write command hold time referenced to RAS {wer 40 60 ns 6 
Write command pulse width twe 10 15 “ns 
Write command to RAS lead time tRWL 13 20 ns 
Write command to CAS lead time | tow. | 13 20; “ieanee 
Data-in-set-up time | tos 0 0 ns 10 
Data-in hold time to» | 10] | 15 15 ns | 10 
Data-in hold time referenced to RAS | tom | 40] | 55 60 — ns 6 
Refresh period (Normal) 16 16 16 16 | ms 
Refresh period (L-ver) 128 128 128 | ms 
Refresh period (SL-ver) 256 256 256 | 256 
Write command set-up time twcs 0 |] of 





RAS to W delay time trwo | 73 


| | sto 


100. 
5 


Column address to W delay time tawD | 48 ae eas 
CAS set-up time (CAS-before-RAS refresh) tCsR 10 


= 
fo) 


CAS hold time(CAS-before-RAS refresh) tCHR 
RAS to CAS precharge time tRPC 
CAS precharge time (C-B-R counter test cycle) topT 





nn 





no 
oO 
ined 








ow 
a 
— 
Alan! on!) o 
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Access time from CAS precharge {CPA 




















| Fast page mode cycle time tec 








76 


= 
oO 
oO 


Fast page mode read-modify-write cycle time 


al 
or 



























ns 
"| RAS pulse wiath(Fast Page Mode) .| tease | 50] 200,000] 60 | 200,000 200,000 |_ns | 
CAS precharge time(Fast page mode) tcp 10 10 | [ns | 
RAS hold time from CAS precharge truce | 30 40 | | a] sons | 
OE accesstime tOEA 15 | | 20] ns | 


= 
Le) 


OE to data delay toeD 


———$—$—___— 


Output buffer tum off delay time from OE tOEZ 
OE command hold time tOEH 





—* oo]; fie —+ i} /| an > => 
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a wo | 
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Write command hold time (test mode in) tWTH 


— 
Oo 























Write command gold time (test mode in) tweH 
Wto RAS precharge time(C-B-R recycle) twee | 10 
Wto RAS hold time(C-B-R rcycle) twRH 10 0 f= | 


Nh 
o 
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n 


—)/ —{/ —|/ — | PR 
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TEST MODE CYCLE (Note. 12) 
-8 

lee ee eee 

Random read or write cycle time ns 

Read-modify-write cycle time tRWC 210 ns 

Access time from RAS tRAC 75 85 | ns | 3,4,11 

Access time from CAS tcac 25 25] ns | 3,45 

ala time from.column address a ae 40 45/ ns | 3,11 

PE ut tn | spn a5 | | ssn | | Taos 

CAS pulse width tcas 18| 140,000 | 20}; 10,000 | 25) 10,000; 25/ 10,000] ns 

RAS hold time tRSH | 18 20 25 | 25 ns 

CAS hold time tCSH | 55 65 75 85 ns [ 

| Column address to RAS lead time tRAL 30 35 | 40 ns 

CAS to write enable delay tcwo 41 45 | - 55 55 ns 8 

RAS to write enable delay tRWD 90 105 115 ns 8 

Column address to W delay time §3 60 70 7 ns 8 

Fast mode cycle time 40 45 50 55 ns 

Fast page mode read-modefy-write ey 81 85 100 105 ns 

RAS pulse width(Fast page mode] |_55| 200000 | 65| 200000 | 75| 200000 | 85| 200000 | ns 

| «| {| | | «4 0 | ns | 3 

[OFsccestine SS tom | 





al 
[eEtweacy Sid ew | || mst lsd 
‘GEconmandnoiine [wm | vel wf |p) i 





NOTES 


1. 


NOOO 


An initial pause of 200us is required after power up 
followed by any 8 CAS-before-RAS or RAS-only Re- 
fresh cycles before proper device operation is 
achieved. 


~ Vixtmin) 2Nd Vi_imax) are reference levels for measuring 


timing of input signals. Transition times are measu- 


red between Vimin) ANd Viimax, and are assumed 


to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads and 


100pF. 


. Operation within the tacpimax limit insures that trac 


(max) Can be met. tacpimax) is specified as a reference 
point only. If tacpimax) is greater than the specified 
tacp(max) limit, then access time is controlled exclusi- 
vely by toac. 


. Assumes that tacp > trcpimax). 
. tar, twor, tour are referenced to traD(max): 
. This parameter defines the time at which the output 


achieves the open circuit condition and is not refer- 
nced to Voy or Vo. 


- twcs, tawo; tewo and tawp are non restrictive opera- 


ting parameters. They are included in the data sheet 
as electrical characteristics only. If twcs > twcs(min) 
the cycle is an early write cycle and the data out 


11. 


12. 
13. 


14. 








pin will remain high impedance for the duration of 
the cycle. if tewo = towp min) and trwo = tawo(min) and 
tawp = tawpimin), then the cycle is a read-modify-write 
cycle and the data our will contain the data read 
from the selected address. If neither of the above 
conditions are satisfied, the condition of the data out 
is indeterminate. 


. Either tacy or tary must be satisfied for a read cycle. 
. These parameters are referenced to the CAS leading 


edge in early write cycles and to the W leading edge » 
in read-modify-write cycles. , 

Operation within the taapimax) limit insures that trac 
(max) Can be met. trapimax) iS Specified as a reference 


‘ point only. If trap is greater than the specified trap 


(max) limit, then access time is controlled by taa. 
These specifications are applied in the test mode. 
In test mode read cycle, the value of trac, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

torFimax) 2Nd toezimax) define the time at which the 
output achieves the open circuit condition and are 
not referenced to output voltage level. 
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TIMING DIAGRAMS 
READ CYCLE 


pare tcas y 
= Sy [= = 47 


Ps) 
ey 





tasr 
| =e 
— SSK ais KO 


trap 


> 


ROSsOS Sasa YY) 


a 


oF KD 


Ne 


S| 


ROY 






AERIRIREN 


torr 


toez 
trac 
Vou LAY 
Vor vas Ly ) 


teiz 


DQ,-DQ, 


KY DON’T CARE 


ELECTRONICS 


KM44C1000C/CL/CSL CMOS DRAM 





TIMING DIAGRAMS (continued) 
WRITE CYCLE (EARLY CYCLE) 








Vin 
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WRITE CYCLE (OE CONTROLLED WRITE) 
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TIMING DIAGRAMS (continued) 
READ-MODIFY-WRITE CYCLE 


tawc 


tre 
tras 


tore tar 
treo trsH 


ee Aan ped tcas | 
Ge Vii -— CY, tasr we AC B 
Sc en 
Vin — YY CAN TAA AV ATA AUAVAVAV AGATA S 
Vit XA om PD conn y ¢ KX XY .) AAA AVANT INTAY XXX) 





ONO reerirrmnmnnemnnnee 
i — = TIT VV 
TARY 





Ha 
= Vin Y Wi toca 
EY i OOOO . : 


trac toez ton 


VoH — HX) as PIV V 
DQ,-DQ, () VALID ¢ VALID 
ne ROOK obtSur DOE tn ROCCO 


CLZ 


FAST PAGE MODE READ CYCLE 


tras tre 


Vin tar trHcP 
Vi = 
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torap tec tec tas 


top cp 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


trasp trp 
=< - t 
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tor tec tre trsu 







rd ee fg top 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE=Don't Care 
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CAS-BEFORE-RAS REFRESH CYCLE 
Note: OE, Address=Don’t Care 
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TIMING DIAGRAMS 6 continuea) 
HIDDEN REFRESH CYCLE (READ) 
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HIDDEN REFRESH CYCLE (WRITE) 
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TIMING DIAGRAMS 6 continues) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE ‘ tre 
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TIMING DIAGRAMS (continue) 


TEST MODE IN CYCLE 
Note: OE, Address: Don’t Care 
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TEST MODE DESCRIPTION 


The KM44C1000C/CL/CSL is the RAM organized 1, 
048,576 words by 4 bit internally organized 524,288 
words by 8 bits. In "Test Mode", data are written into 8 
sectors in parallel and retrieved the same way. Column 
address bit Ao is not used. If, upon reading, two bits on 
one I/O pin are equal (ail "1" or "O"s) the I/O pin 
indicates a "1". If they were not equal, the !/O pin 
would indicate a "0". In "Test Mode", the 1M x 4 DRAM 


IKK KKK 


— tac 


tap 
tras 


ROKK 


DLVLAVVAVAALALS 


DLL LLM 


OPEN 


Men DON’T CARE 


can be tested as if it were a 512K x 4DRAM. W, CAS- 
BEFORE-RAS Cycle (Test Mode in Cycle) puts the 
device into "Test Mode", And "CAS-BEFORE-RAS 
REFRESH CYCLE" or "RAS-only-Refresh Cycle" puts it 
back into "Normal Mode". During the test mode 
operation, a WCBR cycle is used to perform refresh. 
The "Test Mode" function reduces test time(1/2 in 
cases of N test pattern.) 
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DEVICE OPERATION 


The KM44C1000C/CL/CSL contains 4,194,304 memory 
locations. Twenty address bit are required to address a 
particular 4-bit word in the memory array. Since the 
KM44C1000C/CL/CSL has only 10 address input pins, 
time multiplexed addressing is used to input 10 row (Ao- 
As) and 10 column (Ao-Ag) address. The multiplexing is 
controlled by the timing relationship between the row 
address strobe (RAS), the column adress strobe(CAS), 
and the valid row and column address inputs. 


Operating of the KM44C1000C/CL/CSL begins by 

- Strobing in a valid row address with RAS while CAS 
remains high. Then the address on the 10 address 
input pins (Ao-As) is changed from a row address to a 
column address and is strobed in by CAS. This is the 
beginning of any KM44C1000C/CL/CSL cycle in which 
a memory location is accessed. The specific type of 
cycle is determined by the state of the write enable pin 
and various timing relationships. The cycle is terminat- 
ed when bath RAS and CAS have returned to the high 
state. Another cycle can be initiated after RAS remains 
high long enough to satisfy the RAS precharge time 
(tRP) requirement. 


RAS and CAS Timing 

The minimum RAS and CAS pulse widths are specified 
by tras(min) and tcas(min) respectively. These mini- 
mum pulse widths must be satisfied for proper device 
operation and data integrity. Once a cycle is initiated by 
bringing RAS low, it must not be aborted prior to satisfy- 
ing the minimum RAS and CAS pulse widths. In addi- 
tion, a new cycle must not begin until the minimum RAS 
precharge time, tap, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM44C1000C/CL/CSL begin a complex sequence of 
events. If the sequence is broken by violating minimum 
timing requirements, loss of data integrity can occur. 


Read 


A read cycle is achieved by maintaining the write 


enable input (W) high during RAS/CAS cycle. The — 


access time is normally specified with respect to the 
falling edge of RAS. But the access time also depends 
on the falling edge of CAS and on the valid column 
address transition. 
if CAS goes low before trcp(max) and if the column 
address is valid befor tacp(max), the access time to 
valid data is specified by trac(min). However if CAS 
goes low after tncp(max), access is specified by tcac or 
taa. In order to achieve the minimum access time, tRAC 
(min), it is necessary to meet both tRcD(max) and tRAD 
- (max). The KM44C1000C/CL/CSL has common data 
1/0 pins 
The this reason. an output enable control input (OE) has 
been provided so the output buffer can be precisely 


controlled. For data to appear at the output, OE must 
be low for the period of time defined by toca and toeEz. 


Write 

The KM44C1000C/CL/CSL can perform eary write, late 
write and read-modify-write cycles. The difference 
between these cycles is in the state of data-out and is 
determined by the timing relationship between W, OE 
and CAS. In any type of write cycle, Data-in must be 
valid at or before the falling edge of W or CAS, 
whichever is later. 


Early Write: An early write cycle is performed by bring- 
ing W low before CAS. The data at the data input pins 
is written into the addressed memory cells. Throughout 
the early write cycle the output remains in the Hi-Z 
state. In the early write cycle the output buffers remain 
in the three state regardless of the state of the OE 
input. 


Read-Modify-Write: In this cycle, valid data from the 
addressed cell appears at the output before and during 
the time that data is being written into the same cell 
location. This cycle is achieved by bringing W low after 
CAS and meeting the data sheet read-modify-write 
cycle timing requirements. This cycle requires using a 
separate I/O to avoid bus contention 


Late Write: lf W is brought low after CAS, a late write 
cycle will occur, The late write cycle is very simiar to the 
read-modify-write cycle except that the timing parame- 
ters, tRwD, tcwD and tawp, are-not necessarily met. The 
state of date-out is indeterninate since the output can 
be either Hi-Z or contain data depending on the timing 
conditions. This cycle requires a separate I/O to avoid 
bus contention. 


Data Output 

The KM44C1000C/CL/CSL has a three-state output 
buffer which is controlled by CAS and OE. Whenever 
CAS and OE are high(Vin), the outputs are in the high 
impedance state. In any cycle in which valid data 
appears at the output the output goes into the low 
impedance state in a time specified by tcuz after the 
falling edge of CAS. Invalid data may be present at the 
output during the time after tcLz and before the valid 
data appears at the output. The timing parameters tcac, 
trac and taa specify when the valid data will be present 
at the output. The valid data remains at the output untill 
CAS retums high. This is true even if anew RAS cycle 
occurs. (as in hidden refresh). Each of the 
KM44C1000C/CL/CSL operating cycles is listed below 
after the corresponding output state produced by the 
cycle. 
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DEVICE OPERATION (continued) 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode 
Read-Modify-Write. 


Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, CAS-before-RAS Refresh, OE con- 
trolled write. 


Indeterminate Output State: Delayed Write(tcwp or 
tRWD are not met) 


Refresh 

The data in the KM44C1000C/CL/CSL is stored on a 
tiny capacitor within each memory cell. Due to leakage 
the data may leak off after a period of time. To maintain 
data integrity it is necessary to refresh each of the rows 
every 16/128/256ms. There are several ways to 
accomplish this. 


RAS-Only Refresh: This is the most common method 
for performing refresh. It is performed by strobing in a 
row address with RAS while CAS remains high. This 
cycle must be repeated for each row. 


CAS-before-RAS Refresh: The KM44C1000C/CL/CSL 
has CAS-before-RAS on-chip refresh capability that 
eliminates the need for external refresh addresses. If 
CAS is vheld low for the specified set up time (tcsr) 
before RAS goes low, the on-chip refresh circuitry is 
enabled. An internal refresh operation automatically 
occurs. The refresh address is supplied by the on-chip 
refresh address counter which is then internally incre- 
mented in preparation for the next CAS-before-RAS 
refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be per- 
formed while maintaining the latest valid data at the 
output by extending the CAS active time and cycling 
RAS. The KM44C1000C/CL/CSL hidden refresh cycle 
is actually a CAS-before-RAS refresh cycle within an 
extended read cycle. The refresh row address is provid- 
ed by the on-chip refresh address counter. 


Other Refresh Methods: It is also possible to refresh the 
KM44C1000C/CL/CSL by using read, write or read- 
modify write cycles. Whenever a row is accessed, all 
the cells in that row are automatically refreshed. There 
are certain applications in which it might be advanta- 
geous to perform refresh in this manner but in general 
RAS-only or CAS-before-RAS refresh is the preferred 
method. 


Fast Page Mode 

Fast page mode provides high speed read, write or 
read-modify-write access to all memory cells within a 
selected row. These cycles may be mixed in any order. 


A fast page mode cycle begins with a normal | cycle. 
Then, while RAS is kept low to maintain the CAS is 
cycled to strobe in additional column addresses. This 
eliminates the time requried to set up and strobe 
sequential row addresses for the same page 


CAS-before-RAS Refresh Counter Test Cycle 
A special timing sequence using the CAS-before-RAS 
counter test cycle provides a convenient method of ver- 
ifying the functionality of the CAS-before-RAS refresh 
activated circuitry. 


After the CAS-before-RAS refresh operation, is CAS 
goes high and then low again while RAS is held low, 
the read and write operations are enabled. 


This is shown in the CAS-before-RAS counter test 
cycle timing diagram. A memory cell be addressed 
with 10 row address bits and 10 column address bits 
defined as follows 


Row Adaress- Bits Ao through Ag are supplied by the 
on-chip refresh counter. 


Column Address-Bits Ao through Ag are supplied by the 
falling edge of CAS as in a normal memory cycle. 


Suggested CAS-before-RAS counter 

Test Procedure 

The CAS-before-RAS refresh counter test cycle timing 

is used in each of the following steps: 

1. Initialize the internal refresh counter by performing 8 
CAS-before-RAS cycles. 

2. Write a test pattern of “lows” into the memory cells 
at a single column address and 1024 row address 
(The row addresses are supplied by the on-chip 
refresh counter) 

3. Using read-modify-write cycle, read the “lows” writ- 
ten during step 2 and write “highs” into the same 
memory locations. Perform this step 1024 times so 
that highs are written into the 1024 memory cells. 

4. Read the "highs" written during step 3. 

5. Complement the test pattern and repeat steps 2, 3 
and 4. 


Power-up 

if RAS=Vss during power-up, the KM44C1000C/CL/CSL 
cold possibly begin an active cycle. This condition 
results in higher than necessary current demands from 
the power supply during power-up. It is recommended 
that RAS and CAS track with Vcc during power-up or 
be held at a valid Vin in order to minimize the power-up 
current. An initial pause of 200 psec is required after 
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DEVICE OPERATION (Continued) 


power-up followed by 8 initialization cycles before prop- 
er device operation is assured. Eight initialization cycles 
are also required after any 16(L-ver:128, SL-ver:256) 
msec period in which there are no RAS cycles. An ini- 
tialization cycle is any cycle in which RAS is cycled. 


Termination 


The lines from the TTL driver circuits to the 
KM44C1000C/CL/CSL inputs act like unteminated 
transmission lines resulting in significant overshoot and 
undershoot at the inputs. To minimize overshoot it is 
advisable to terrminate the input lines and to keep them 
as short as possible. Although eiter series or parallel 
temination may be used,séries termination is generally 
recommended since it is simple and draws no addition- 
al power. It consists of a resistor in series with the input 
line placed close to the KM44C1000C/CL/CSL input 
pin. The optimum value depends on the board: layout. It 
must be determined experimentally and is usually in the 
range of 20 to 40 ohms. 


Board Layout 

It is importnat to lay out the power and ground lines on 
memory boards in such a way that switching transinent 
effects are mimized. The recommended methods are 
gridded power and ground lines or separate power and 
ground planes. The power and ground planes. The 
power and ground lines act like transmission lines to 
the high frequency transients generated by DRAMS. 


PACKAGE DIMENSIONS 


20-LEAD. PLASTIC DUAL IN-LINE PACKAGE 


0.962 (24.43) 


The impedance is minimized if all the power supply 
traces to all the DRAMS run both horizontally and verti- 
cally and are connected at each intersection or better 
yet if power and ground planes are used. 


Decoupling 


The importance of proper decoupling can not be over 
emphasized. Excessive transient noise or voltage 
droop on the Vcc line can cause loss of data integrity 
(soft errors). It is recommended that the total combined 
voltage changes over time in the Vcc to Vss voltage 
(measured at the device pins) should not exceed 
500mV 


A high frequency 0.1 “F ceramic decoupling capacitor 
should be connected between the Vcc and ground pins 
of each KM44C1000C/CL/CSL using the shortest pos- 
sible traces. These capacitors act as a low impedance 
shunt for the high frequency switching transients gener- 
ated by the KM44C1000C/CL/CSL and they supply 
much of the current used by the KM44C1000C/CL/CSL 
during cycling. 


In addition, a large tantalum capacitor with a value of 
47uF to 100“F should be used for bulk decoupling to 
recharge the 0.14“F capacitors between cycles, thereby 
reducing power line droop. The bulk decoupling capaci- 
tor meet the power grid or power plane. Even better 
results may be achieved by distributing more than one 
tantalum capacitor around the memory array. 


Units: Inches (Millimeters) 





0.972 (24.69) 





0° — 10° 











300 (7.62) 
0.325 (8.26) 











0.135 (0.43) 


: 0.145 (3.68) 








iL: 


0.015 (0.38) 


MIN 
0.009 (0.23) 


0.013 (0.33) 





















0.100 (2.54) 
TYP 


| 0.016 (0.41) 2 | 0.035 (0.89) 
~ TT" 0.024 (0.61) [~~~0.055 (1.40) 








0.183 (4.65) 
MAX 


0.115 (2.92) 
MIN 


0.050 (1.27) 
MAX 
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PACKAGE DIMENSIONS (continue) 
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


0.027 (0.69) 
MIN ; 
















a\o Sla eis ale 
Sih BIS BIg als 
x 2 210 1] 
Slt C16 BIB s/o 
212 Bho oI/9O aOln 
o oOo oOjs 

aS VIN 3/4 S/S 
o]oO o}o o]/oO o1o 















; 


: 0.128 (3.25) 
0.145 (3.68) 





0.670 (17.02) 
0.680 (17.27) 


0.050 (1.27) 0.015 (0.38) 0.026 (0.66) 
TYP 0.021 (0.53) 0.032 (0.81) 

















0.050 (1.27) 
MAX 


20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 


1.025(26.04) 
_-1.035(26.29) 
0 


ae INDEX Oo 


0.113(2.87) 
0.120(3.05) 















0.325(8.26) 
0.335(8.51) 





0.400(10.16) 











0.009(0.23) 
0.013(0.33) 


0.016(0.41) | L J 0.050(1.27) 0.050(1.27) 0.100(2.54) | 0.100(2.54) 
0.024(0.61) TYP MAX MIN TYP . 











163 





ELECTRONICS 


KM44C1000C/CL/CSL 


CMOS DRAM 





PACKAGE DIMENSIONS (continued) 


20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (Il) (Forward and Reverse Type) 


Units: Inches (millimeters) 






0.298 (7.57) 
0.302 (7.67) 


0.671 (17.04) 
0.679 (17.24) 


0.039 (1.0) 
0.047 (1.20) 





Sa ee 
efoose] CHAAR AAAAD 


0.048 (1.22) | | 0.012 (0.30) 
| 0.052 (1.32) 0.020 (0.50) 


0.03 (0.80) 






0.367 (9.32) 


0.324(8.22) 
0.359 (9.12) 





0.005 (0.13) 
0.008 (0.20) 


ETAL 


0.016 (0.40) | 
0.024 (0.60) 
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1M x4 Bit CMOS Dynamic RAM with Fast Page Mode 


(Write Per Bit Mode) 
FEATURES 


« Performance range: 


Pitre | toa | tre | 
KM44C1010C-5 | 50ns | 13ns | 90ns | 
KM44C1010C-6 | 60ns | 15ns | 110ns | 

Tene [zone [ 1600 


« Fast Page Mode operation 

« Write Per Bit Mode Capabillity 

- CAS-before-RAS refresh capability 

- RAS-only and Hidden Refresh capability 

¢ Fast parallel test mode Capability 

« TTL compatible inputs and outputs 

« Early Write or Output Enable Controlled Write 

« Singple +5V+10% power supply 

¢ 1024 cycles/16ms refresh 

¢ JEDEC standard pinout 

¢ Available in plastic DIP, SOP ZIJ and TSOP{(il) 
Packages 


KM44C1010C-7 
KM44C1010C-8 





FUNCTIONAL BLOCK DIAGRAM 


| 


Pe) 
> 
n 


CONTROL & 
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Ao 


ADDRESS BUFFERS 
ROW DECODER 


Ag 


REFRESH CONTROL & 
ADDRESS COUNTER 


COLUMN DECODER r 


SENSE AMPS & I/O GATING 


MEMORY ARRAY 
1,048,576X4 Cells 


GENERAL DESCRIPTION 


The Samsung KM44C1010C is a high speed CMOS 1, 
048,576 x 4 Dynamic Random Access Memory. Its 
design is optimized for high performance applications 
such as mainframes and mini computers, graphics and 
high performance microprocessor systems. 


The KM44C1010C features Fast Page Mode operation 
which allows high speed random access of memory 
cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only. refresh. All 
inputs and outputs are fully TTL compatible. 


The KM44C1010C is fabricated using Samsung's 
advanced CMOS process. 
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PIN CONFIGURATION (Top Views) 













¢ KM44C1010CP ¢ KM44C1010CJ ° KM44C1010CZ 
A , 3 ; 
W10Q;{ 1 | 120| Vss wyDQ;(q1 20 1 Vss 
W2/DQ We/DQ2 (2 19 1 Wa/DQ, 
2002 2) 19] Weds wew C43 18 L]Ws/DQ3 
wow | 3 | 118] W3/DQ3 RAS C4 
Ras (4 | TKS Aot{5 16 POE 
Ag { 5 | [16] OF 
Ao| 6 | 15] As Aot6 15 LAs 
A,0j7 440 Az 
A 7 14] Az Aot]8 13D As 
Ao Ag A3 (9 aLlAs 
Voc (410 ATA 
aslo] ne co O PA, 
Voc | 10 Ag 
F 
« KM44C1010CT e KM44C1010CTR 


= PinNames | ___Pin Function | 
wba [[]}1 20/ [] V. Vss ([} 20 117] wpe 
0a; (T] [1] Vss ss {I pL Ws/DG Address Inputs 

2{ |] W2/DQ2 


W2/DQ2 {[ | 2 19, []Wa4lDQ, wWalDQ4[[}19 


| RAS | Row Address Strobe 





WBW IT 13 181 []Ws/DQ3  wWe/DQ3[[]18 3] [| WEAV 
mas(T| 4 17 T] OS ons (117 al] RAS Coiumn Address Strobe 
Write per bit/Read/ 
A OE 51 T]A 
o[[}s 16{ 1] OE LL] 16 LI} As Write input 





Ao(L]6 15 [T] Ae As [[]}15 6 LL] Ao OE Data Output Enable 


Ai(L]7 141] Az Az [[} 14 7LD A: Write select/ . 
Ao {T 18 1311s Ae (L13 sft] Ae Data In/Out 


A3 LL] 9 12 [TAs As (1412 9 LL] As Power (+ 5V) 
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ABSOLUTE MAXIMUM RATINGS* 


——— a 
Voltage on Any Pin Relative to Vss -1 to +7.0 


Voltage on Vcc Supply Relative to Vss 


-1to +7.0 


Storage Temperature , 
Power Dissipation — - a ee ee 
Pts Tl 


Short Circuit Output Current 





* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to abso- 
lute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 














Input High Voltage 








Input Low Voltage 





Pr Tc 



















KM44C1010C-5 
Operating Current* KM44C1010C-6 (eo 
(RAS and CAS Cycling @trc=min.) KM44C1010C-7 

KM44C1010C-8 


Standby Current (RAS=CAS=WB/W=Vu ) 





| tcce | 





















KM44C1010C-5 
RAS-Only Refresh Current* cee me 
(CAS=Vin, RAS Cycling @trc=min.) KMA4C1010C-8 



















KM44C1010C-5 
Standby Column Mode Current* KM44C1010C-6 
(RAS=Vit, CAS, Address Cycling @tec=min.) KM44C1010C-7 


KM44C1010C-8 . 








Standby Current (RAS=CAS=WB/W=Vcc-0.2V) 







KM44C1010C-5 
KM44C1010C-6 
KM44C1010C-7 
KM44C1010C-8 





CAS-Before-RAS Refresh Current* 
(RAS and CAS Cycling @trc=min.) 


















Input Leakage Current 
(Any input 0<Vin <Vcc+0.5V, all other pins not under test=0 volts.) 


Output Leakage Current 
(Data out is disabled, OV<VouT<Vcc) 





Output High Voltage Level (lox=-5mA) 





Output Low Voltage Level (lo.=4.2mA) 





*NOTE: Icc1, Icc3, lcc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained with the 
output open. Icc is specified as an average current. Icc1, Icc3, Iccé Address can be changed maximum two times 
while RAS=VIL. In Icc4, Address can be changed maximum once during a Fast Page mode cycle. 
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CAPACITANCE CTa=25°C, Voc=5V, f=1MHz) 


Paraben Siro] in Max [i 
Input Capacitance (Ao~Ag) Cit he eee ee es 
Input Capacitance (RAS, CAS, WB/W, OE) Cin2 
Fe a eee ae eae 


AC CHARACTERISTICS (0°c<tTa<70°C, Vec=5.0V+10%, See notes 1,2) 


a ee eee 


in| ax [ win] Max | win[ woe [ win] wor || SY 
Random read orwrtecycletime | te (| wo] | tio] | too] | too] =| | 
| 185, 
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RAS hold time 
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Read command hold time referenced to RAS 
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AC CHARACTERISTICS (Continued) 


Write command hold time referenced to RAS 
Write command pulse width | we | 


Write command to RAS lead time 


Write command to CAS lead time 
Write command set-up time | twos | 
Column address to W delay time 
RAS to CAS hold time 
tCPT 
Write command set-up time (test mode in) 
twRP 
Wto RAS hold time (CAS-before-RAS cycle) 
Output buffer turn off delay time from OE 
Write per bit hold time ar 


Data-in set-up time a 
CAS to W delay time | towo | 
CAS setup time (CAS-before-RAS refresh) 

CAS precharge time 

Write command hold time (test mode in) 
OE access time | toca | 
OE command hold time 
Write per bit selection set-up time ae 









| 7 














Q 
a |Z 
= 


+ 
QO 
bs 


Data-in hold time 


J 
io] 
x 
aD 


Data-in hold time referenced to RAS 
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Write per bit selection hold time 
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TEST MODE CYCLE 


Random read or write cycle time 





Read-modity-write cycle time 





Access time from RAS 


Access time from CS 





Access time from column address 
RAS pulse width 

CAS pulse width 

RAS hold time 

CAS hold time 

Column address to RAS lead time 
CAS to Write enable delay 

RAS to Write enable delay 
Column address to W delay time 


Fast mode cycle time 
Fast page mode read-modiy-write 
RAS pulse width (Fast page mode) 


Access time from CAS precharge 
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OE access time 
OE to data delay 
-| OE command hold time 


NOTES 


1. An initial pause of 200us is required after power- 
up followed by any 8 RAS cycles before proper 
device operation is achieved. . 

2. Vin(min) and V\(max) are reference levels for meas- 
uring timing of input signals. Transition times are 
measured between Vi(min) and Vic(max) and are 
assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL loads and 
100pF. 

4. Operation within the taco(max) limit insures that 
trac(max) can be met. trcn(max) is specified as a 
reference point only. If trcp is greater than the 
specified tacp(max) limit, then access time is con- 
trolled exclusively by tcac. 

. Assumes that trop <tacp(max). 


. twor, tour are referenced to trap(max). 
. This parameter defines the time at which the out- 


put achieves the open circuit condition and is not 
referenced to Vou or Vo. 
8. twcs, tawo, tewo and tawp are non restrictive operat- 


NO OV 


ing parameters. They are included in the data sheet - 


as electrical characteristics only. If twcs>twcs(min) 
the cycle is an early write cycle and the data out 
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pin will remain high impedance for the duration of 
the cycle. If tewo>tcwo(min) and tawo> trwo(min) and 
tawo > tawo(min), then the cycle is a read-write cycle 
and the data out will contain the data read from the 
selected address. If neither of the above conditions 
are satisfied, the condition of the data out is indeter- 
minate. 

9. Either tach or tarx must be satisfied for a read 
cycle. 

10. These parameters are referenced to the CAS leading 
edge in early write cycles and to the W leading edge 

_ in read-write cycles. 

11. Operation within the trap(max) limit insures that trac 
(max) can be met. trap(max) is specified as a refer- 
ence point only. If trap is greater than the specified 
tRAD(max) limit, then access time is controlled by taa. 

12. These specifications are applied in the test mode. 
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TIMING DIAGRAMS 
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TIMING DIAGRAMS (Continued) 
WRITE CYCLE (OE CONTROLLED WRITE) 
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TIMING DIAGRAMS (Continued) 
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TIMING DIAGRAMS (continued) 
FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS (Continued) 
RAS-ONLY REFRESH CYCLE 


NOTE: WB/W, OE=Don't Care 
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TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 
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TIMING DIAGRAMS (continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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TIMING DIAGRAMS (continued) 
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TEST MODE DESCRIPTION 


The KM44C1010C is the RAM organized 1,048,576 
words by 4 bit, itis internally organized 524,288 words 
by 8 bits. In “Test Mode’, data are written into 8 sec- 
tors in parallel and retrieved the same way. Column ad- 
dress bit Ao is not used. If, upon reading, two bits on 
one I/O pin are equal (all ‘“1"’s or “O’’s), the I/O pin in- 


dicates a “1”. If they were not equal, the I/O pin would _ 
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indicate a “O”. In “Test Mode”, the 1MxX4 DRAM can 
be tested as if it were a 512KX4 DARM. W, CAS- 
Before-RAS Cycle (Test Mode in Cycle) puts the device 
into “Test Mode”. And “CAS-Before-RAS Refresh Cy- 
cle” or “RAS only Refresh Cycle” puts it back into “‘Nor- 
mal Mode”. The “Test Mode” function reduces test time 
(1/2 in cases of N test pattern). 
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DEVICE OPERATION 


Device Operation 

The KM44C1010C contains 4,194,304 memory locations 
organized as 1,048,576 four-bit words. Twenty address 
bits are required to address a particular 4-bit word in the 
memory array. Since the KM44C1010C has only 10 
address input pins, time multiplexed addressing is used to 
input 10 row and 10 column addresses. The multiplexing is 
controlled by the timing relationship between the row 
address strobe (RAS), the column address strobe (CAS) 
and the valid address inputs. 


Operation of the KM44C1010C begins by strobing in a 
valid row address with RAS while CAS remains high. Then 
the address on the 10 address input pins is changed from 
a row address to a column address and is strobed in by 
CAS. This is the beginning of any KM44C1010C cycle 
in which a memory location is accessed. The specific type 
’ of cycle is determined by the state of the write enable 
pin and various timing relationships. The cycle is ter- 
minated when both RAS and CAS have returned to the 
high state. Another cycle can be initiated after RAS re- 
mains high long enough to satisfy the RAS precharge time 
(tap) requirement. 


RAS and CAS Timing 

The minimum RAS and CAS pulse widths are specified 
by trasimin) and tcasimin) respectively. These minimum 
pulse widths must be satisfied for proper device opera- 
tion and data integrity. Once a cycle is initiated by bring- 
ing RAS low, it must not be aborted prior to satisfying 
the minimum RAS and CAS pulse widths. In addition, a 
new cycle must not begin until the minimum RAS 
precharge time, tap, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM44C1010C begin a complex sequence of events. If 
the sequence is broken by violating minimum timing re- 
quirements, loss of data integrity can occur. 


Read 


Aread cycle is achieved by maintaining the write enable, 


input(W) high during a RAS/CAS cycle. The access time 
is normally specified with respect to the falling edge of 
RAS. But the access time also depends on the falling 
edge of CAS and on the valid column address transition. 


If CAS goes low before tacpimax) and if the column ad- 
dress is valid before trapimax) then the access time to 
valid data is specified by tracimin). However, if CAS goes 
low after trapimax), access is specified by tcac or taa. 
In order to achieve the minimum access time, tRac(min), 
it is necessary to meet both tacpimax, and trapimax). 


The KM44C1010C has common data VO pins. For this 
reason an output enable control input (OE) has been pro- 
vided so the output buffer can-be precisely controlled. 


For data to appear at the outputs, OE must be low for 
the period of time defined by toga and toez. 


Write 

The KM44C1010C can perform early write. OE controlled. 
write and read-modify-write cycles. Each of these write 
cycles is achieved by maintaing the write per bit write enable 
(WB/W) input high at the ie falling edge of RAS. If write-per bit 
function is performed, WB/W is kept low at the falling edge 
of RAS. The difference between these cycles is in the state 
of data-out and is determined by the timing relationship bet- 
ween W, OE and CAS IN any type of write cycle, Data-in 
must be valid at or before the teing edge of W or CAS, 
whichever is later. 


Early Write: An early write cycle is performed by bring- 
ing W low before CAS. The 4-bit wide data at the data 
input pins is written into the addressed memory cells. 
Throughout the early write cycle the output remains in 
the Hi-Z state. In the early write cycle the output buffers 
remain the he Hi-Z state regardless of the state of the 
OE input. 


Read-Modify-Write: \n this cycle, valid data from the ad- 
dressed cell appears at the output before and during the 
time that data is being written into the same cell loca- 
tion. This cycle is achieved by bringing W low after CAS 
and meeting the data sheet read-modify-write timing re- 
quirements. This output enable input (OE) must be low 
during the time defined by togaand toez for data to ap- 
pear at the outputs. If tcwp and trwop are not met the out- 
put may contain invalid data. Conforming to the OE timing 
requirements prevents bus contention on the 
KM44C1010C DQ pins. 


Write-Per-Bit 


- Write-per-bit function is performed in the write cycle, that 


is early write. OE controlled write, read-modify-write. Write- 
per-bit markes it possible selectively to write one or more 
of the four I/O pins. To perform write per-bit function at 
the falling edge of RAS the write-per-bit/Write enable 
(WB/W) is kept low and at the same time Mask data of 
input pins to write among 4 1/O pins must be in high. If 
1/O pins that Mask data is kept low, write operation is 
inhibited. 


Data Output 

The KM44C1010C has a three state output buffer which 
are controlled by CAS and OE. When either CAS or OE 
is high (Vi) the output are in the high impedance (Hi-Z) 
state. In any cycle in which valid data appears at the out- 
put, the output goes into the low impedance state in a 
time specified by tciz after the falling edge of CAS. In- 
valid data may be present at the output during the time 
after tc_z and before the valid data appears at the out- 


put. The timing parameters tcac, trac and taa sepcify 
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DEVICE OPERATION (continued) 


when the valid data will be present at the output. This 
is true even if a new RAS cycle occurs (as in hidden 
refresh). Each of the KM44C1010C operating cycles is 
listed below after the corresponding output state produc- 
ed by the cycle. 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast page Mode Read, Fast Page Mode Reaa- 
Modify-Write. 


Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, CAS-only cycle. 


Indeterminate Output State: Delayed Write (tcwp or 
trwp are not met) 


Refresh 

The data in the KM44C1010Cis stored on a tiny capacitor 
within each memory cell. Due to leakage the data may 
leak off after a period of time. To maintain data integrity 
it is necessary to refresh each of the rows every16 ms. 
There are several ways to accomplish this. 


RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CAS remains high. This cycle 
must be repeated for each of the 1024 row addresses, 
(Ao-Ag). 


CAS-before-RAS Refresh: The KM44C1010C has CAS- 
before-RAS on-chip refresh capability that eliminates the 
need for external refresh addresses. If CAS is held low 
for the specified set up time (tcsr) before RAS goes 
low, the on-chip refresh circuitry is enabled. An internal 
refresh operation automatically occurs. The refresh ad- 
dress is supplied by the on-chip refresh address counter 
which is then internally incremented in preparation for the 
next CAS-before-RAS refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be perform- 
ed while maintaining the latest valid data at the output 
by extending the CAS active time and cycling RAS. The 
KM44C1010C hidden refresh cycle is actually a CAS- 
before-RAS refresh cycle within an extended read cy- 
cle. The refresh row address is provided by the on- eve 
refresh address counter. 


Other Refresh.Methods: It is also possible to refresh the 
KM44C1010C by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in that 
row are automatically refreshed. There are certain ap- 
plications in which it might be advantageous to perform 
refresh in this manner but in general RAS-only or CAS- 
before-RAS refresh is the preferred method. 


CAS-before-RAS Refresh Counter Test 


Cycle . 

A special timing sequence using the CAS-before-RAS 
refresh counter test cycle provides a convenient method 
of verifying the functionality of the CAS-before-RAS 
refresh activated circuitry. The cycle begins as a CAS- 
before-RAS refresh operation. Then, if CAS is brought 
high and then low again while RAS is held low, the read 
and write operations are enabled. In this mode, the row 
address bits Ao through Ag are supplied by the on-chip 
refresh counter. 


Fast Page Mode 

Fast page mode provides high speed read, write or read- 

modify-write access to all memory cells within a selected 
row. These cycles may be mixed in any order. A fast page 
mode cycle begins with a normal cycle. 

Then, while RAS is kept low to maintain the row address, 
CAS is cycled to strobe in additional column addresses. 
This eliminates the time required to set up and strobe 
sequential row addresses for the same page. 


Power-up 

If RAS=Vss during power-up, the KM44C1010C could 
begin an active cycle. This condition results in higher than 
necessary current demands from the power supply dur- 
ing power-up. It is recommended that RAS and CAS track 
with Vcc during power-up or be held at a valid Vin in 
order to minimize the power-up courrent. 

An initial pause of 200 usec is required after power-up 
followed by 8 initialization cycles before proper device 
operation is assured. Eight initialization cycles are also 
required after any 8 msec period in which there are no 
RAS cycles. An initialization cycle is any cycle in which 
RAS is cycled. 


Termination 

The lines from the TTL driver circuits to the KM44C1010C 
inputs act like unterminated transmission lines resulting 
in significant positive and negative overshoot at the in- 
puts. To minimize overshoot it is advisable to terminate 
the input lines and to keep them as short as possible. 
Although either series or parallel termination may be us- 
ed, series termination is generally recommended since 
it is simple and draws no additional power. It consists 


of a resistor in series with the input line placed close to - 


the KM44C1010C input pin. The optimum value depends 
on the board layout. It must be determined experimen- 
tally and is usually in the range of 20 to 40 ohms. 


Board Layout 

It is important to lay out the power and ground lines on 
memory boards in such a way that switching transient 
effects are minimized. the recommended methods are 
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DEVICE OPERATION (continued) 


gridded power and ground lines orseparate power and 
ground planes. The power and ground lines act like 
transmission lines to the high frequency transients 
generated by DRAMS. The impedance is minimized if all 
the power supply traces to all the DRAMS run both 
horizontally and vertically and are connected at each in- 
tersection or better yet if power and ground planes are 
used. 


Address and control lines should be as short as possi- 
ble to avoid skew. In boards with may DRAMS these lines 
should fan out from a central point like a fork or comb 
rather than being connected in a serpentine pattern. Aliso 
the control logic should be centrally located an large 
memory boards to facilitate the shortest possible address 
and control lines to all the DRAMS. 


Decoupling 
The importance of proper decoupling can not be over 
emphasized. Excessive transient noise or voltage droop 


PACKAGE DIMENSIONS 


20-LEAD PLASTIC DUAL IN-LINE PACKAGE 


0.962 (24.43) 


on the Vcc line can cause loss of data integrity (soft er- 
rors). It is recommended that the total combined voltage 
changes over time in the Vcc to Vss voltage (measured 
at the device pins) should not exceed 500mvV. 


A high frequency 0.1yuF ceramic decoupling capacitor 
should be connected between the Vcc and ground pins 
of each KM44C1010C using the shortest possible traces. 
These capacitors act as a low impedance shunt for the 
high frequency switching transients generated by the 
KM44C1010C and they supply much of the current us- 
ed by the KM44C1010C during cycling. 


In addition, a large tantalum capacitor with a value of 47pF 
to 100yuF should be used for bulk decoupling to recharge 
the 0.1yF capacitors between cycles, thereby reducing 
power line droop. The bulk decoupling capacitor should 
be placed near the point where the power traces meet 
the power grid or power plane. Even better results may 
be achieved by distributing more than one tantalum 
capacitor around the memory array.- 


Units: Inches (Millimeters) 
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PACKAGE DIMENSIONS (Continueq) | | 
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD_ Units: Inches (millimeters) 
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PACKAGE DIMENSIONS (continued) 
20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (Il) (Forward and Reverse Type) 


Units: Inches (millimeters) 
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1M x4 Bit CMOS Dynamic RAM with Static Column Mode 


FEATURES 


+ Performance range: 
{ torc | tre | 
sons | 46ns_[ 710ne | 
[Bons | 20ns | 450n8 | 
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¢ Static Column Mode operation 

- CS-before-RAS refresh capability 
- RAS-only and Hidden Refresh capability 

¢ Fast parallel test mode Capability 

¢ TTL compatible inputs and outputs 

+ Early Write or Output Enable Controlled Write 

+ Single +5V+ 10% power supply 

¢ 1024 cycles/16ms refresh 

¢ JEDEC standard pinout ; 
¢ Available in plastic DIP, SOJ, ZIP and TSOP(II) Package 
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GENERAL DESCRIPTION 


The Samsung KM44C1002C is a CMOS high speed 1, 
048,576 x 4 Dynamic Random Access Memory. Its 
design is optimized for high performance applications 
such as mainframes and mini computers, graphics and 
high performance microprocessor systems. 


Static Column Mode Operation allows high sepeed 
random or sequential access within a row. The 
KM44C1002C offers high performance while relaxing 
many critical system timing requirements for fast 
usable speed. 


CS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible.. 


The KM44C1002C is fabricated using Samsung's 
advanced CMOS process. 


MEMORY ARRAY 
1,048,576 x 4 
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~PIN CONFIGURATION (Top Views) 


- KM44C1002CP * KM44C1002CJ * KM44C1002CZ 





* KM44C1002CT ‘ * KM44C1002CTR 






[Fin Names [ Pin. Funetion | 
"GE [Data Output Enable 
pavoa._| 


Power (+ 5V) 
Ground 















Vcc 
Vss 
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ABSOLUTE MAXIMUM RATINGS* 


ee 
Voltage on Any Pin Relative to Vss | vin,Vour =| -tto+70—=—| ll 
ee es ee 
[wef stood 
ee ee 


















Voltage on Vcc Supply Relative to Vss 








Storage Temperature 







Power Dissipation 
Short Circuit Output Current 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to abso- 
lute maximum rating conditions for extended periods may affect device reliability. 


BECOMMENE OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 
ee ee ed 
bae0n 


Supply Voltage 


Ground 





ae et | 


KM44C1002C-5 

























Operating Current* KM44C1002C-6 ici 
(RAS and CS Cycling @trc=min.) . KM44C1002C-7 = 
KM44C1002C-8 


Standby Current (RAS=CS=W=Vin ) 


a mi 
















KM44C1002C-5 
(CS=Vin, RAS, Address Cycling @tRc=min.) KM44C1002C-8 55 





KM44C1002C-5 
KM44C1002C-6 
KM44C1002C-7 
KM44C1002C-8 
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Standby Column Mode Current* 
(RAS=CS=Vi. Address Cycling @tec=min. ) 








Standby Current (RAS=CS=W=Vcc-0.2V) 







KM44C1002C-5 
. KM44C1002C-6 

KM44C1002C-7 
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CS-Before-RAS Refresh Current* 
(RAS and CS Cycling @trc=min.) 










Input ieakane Current 
(Any input O0<Vin <Vcc+0. SV, all othér pins not under test=0 volts.) 








Output Leakage Current 
(Data out is disabled, OV<VouT<Vcc) 





Output High Voltage Level (loH=-5mA) 





Output Low Voltage Level (loL=4.2mA) 


*NOTE: Icc1, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with the 
output open. Icc is specified as an average current. Icc1, Icc3, Icce Address can be changed maximum two times 
while RAS=VIL. In Icca, Address can be changed maximum once during a static column mode cycle. 
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CAPACITANCE c1=25°c, Voc=5v, f=1MHz) 


(Parameter Sot] 
Input Capacitance (Ao~As) 
Input Capacitance (RAS, CS, W, OE) 


Input Capacitance (0Q1~DQ4) 
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a 
RAS to column address delay time 


C5 to RAS precharge time 


C 
RAS to CS delay time trp 
C 


SC 
RP 
) 


[toe | 
[tea 
[on | 


tc 
tc 


10 


Row address set-up time 


indom read or write cycle time 
ition time (7 
Spulse width | 
S pulse width (static column mode) | tc: 
AK ; 
S precharge time (static column mode 

Row address hold time 

Column address set-up time 

Column address hold 

Write address hold time referenced to RAS 


) 
"| Column address hold time referenced to RAS 


ELECTRONICS 





| 20 
| 6, 
Be 
10) 
| 
[10 
| 0 
zi 
z 








KM44C1002C | CMOS DRAM 





AC CHARACTERISTICS (continued) 


Column address to RAS lead time 
Column:address hold time referenced to RAS rise 
Last Write to column address to delay time 

Last write to column address hold time 


Read command set-up time 
Read command hold time referenced to CS 


Read command hold time referenced to RAS. 


1 
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Write command hold time 
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Write command hold time referenced to RAS 
. | Write command pulse width 





Write command inactive time wi 







Write command to RAS lead time 


Write command to CS lead time 


nN | PM — Nh > 
oOo |o on on Oo 
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_ | Data-in set-up time 





Data-in hold time 
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Data-in hold time referenced to RAS 
Write command set-up time 
CStoWdelay time 


RAS to W delay time 
Column address to W delay time 
CS setup time (CS-before-RAS refresh) 


CS hold time (CS-before-RAS refresh) 
RAS to CS hold time 
CS precharge time(CS-before-RAS counter test cycle) 
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Output buffer trun off delay time from OE 


OE command hold time. 
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TEST MODE CYCLE (Note.13) 


Parameter 








‘ 
: 


_ 
4 ow ~~ > [a] tsa] = =_ on w co 

















Random read or write cycle time tRC 

Read-modify-write cycle time tRwc 160 190 | | ato | 

Access time from RAS tRAC fie 65 75 ie 85 

Access time from CS tcac ie 20 25 ce 25 

Access time from column address 1 35 45 

RAS pulse width | sonn| sf ols | oo 


CS pulse width 

RAS hold time 

CS hold time 

Column address to RAS lead time 
CS to W delay time 





Siz ica |x |S |FD IS 15 
gig (oe alee lel 





—_ | — 
2 |L 
o/]o 
ao lo ]w on 
S/o /o a 


RAS to W delay time | 90 | 

Column address to W delay time | 60 | | | ws] | ns | 
Static column mode cycle time tsc off as | sol | ons | 
Static column mode read-modefy-write tSRWC ee ee ee 
RAS pulse width (Static column mode) tRASC 000] 65 | 100,000] 75 | 100,000] 5 | 100,000] ns | 


Access time from last write 


foal fol of | ele 
CS pulse width (static column mode) sels [a8 ani ts tot se 
OE access time eA OO 
OE to data delay [too | se} | olf |] 
OE command ola time jioor | a] | mo} ts} at 


=a 
oO 
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NOTES 

1. An initial pause of 200us is required after power- « and the data out pin will remain high impedance for 
up followed by any 8 CBR or ROR cycles before the duration of the cycle. If tewo2tcwomin) and 
proper device operation is achieved. _ trwo2trwo(min) and tawo2tawpimin), then the cycle 

2. Virimin) and Vit(max) are reference levels for measur- is a read-write cycle and the data out will contain 
ing timing of input signals. Transition times are the data read from the selected address. If neither 
measured between Vinimin) 2nd Vitimaxy, and are of the above conditions are satisfied, the condition 
assumed to be 5ns for all inputs. of the data out is indeterminate. 

3. Measured with a load equivalent to 2 TTL loads and 9. Either taco or taRH must be satisfied for a read 
100pF cycle. 

4. Operation within the tacpimax) limit insures that 10. These parameters are referenced to the CS leading 
trac(max) can be met. trcpimax) is specified as a edge in early write cycles and to the W leading edge 
reference point only. If tacp is greater than the in read-write cycies. 
specified tacp(max) limit, then access time is con- 11. Operation within the traod(max) limit insures that 
trotled exclusively by tcac. tRac(max) can be met. trap(max is specified as a 

5. Assumes that trcp>trcpimax)- reference point only. If trap is greater than the 

6. tawr, twcr, toHrR are referenced to trap(max) specified trapimax limit, then access time is con- 

7. This parameter defines the time at which the out- trolled by taa. 
put achieves the open circuit condition and is not 12. Operation within the tLwapimax limit insures that 
refernced to Vou or VoL. taLw(max) Can be met. tLwap(max) is specified as a 

8. twos, trwo, tcwo and tawp are non restrictive reference point only. tiwap is greater than the 
operating parameters. They are included in the data specified t_wap(max) limit, then access time is con- 
sheet as electrical characteristics only. If trolled by taa. 


twcs2twcs(min) the cycle is an early write cycle 13. These specifications are applied in the test mode. 
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TIMING DIAGRAMS 
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TIMING DIAGRAMS 6 continued) 
WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAMS (Continued) 
READ-WRITE/READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS (Continued) = 
STATIC COLUMN MODE WRITE CYCLE (W controlled early write) 
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STATIC COLUMN MODE WRITE CYCLE (CS controlled early write) 
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TIMING DIAGRAMS (Continued) 
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TIMING DIAGRAMS (Continued) 
RAS-ONLY REFRESH CYCLE 
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CS-BEFORE-RAS REFRESH CYCLE 
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TIMING DIAGRAMS <ontinued) 
HIDDEN REFRESH CYCLE (READ) 
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HIDDEN REFRESH CYCLE (WRITE) 
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TIMING DIAGRAMS (continued) - 
CS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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TIMING DIAGRAMS (continued) 

TEST MODE IN CYCLE 

NOTE: D, Address=Don’'t Care 
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TEST MODE DESCRIPTION 


The KM44C1002C is the RAM organized 1,048,576 
words by 4 bit, it is internally organized 524,288 words 
by 8 bits. In “Test Mode”, data are written into 8 sec- 
tors in parallel and retrieved the same way. Column ad- 
dress bit Ao is not used. If, upon reading, two bits on 
one I/O pin are equal (all ‘‘1”’s or “O”s), the I/O pin in- 
dicates a ‘‘1”. If they were not equal, the I/O pin would 


AY NOE RY RNR 


YY RR OOO 


OPEN 


KY DON'T CARE 


indicate a “O”. In “Test Mode”, the 1MxX4 DRAM can 
be tested as if it were a512KX4 DRAM. W, CS Before 
RAS Cycle (Test Mode in Cycle) puts the device into 
“Test Mode’. And “CS-Before-RAS Refresh Cycle” or 
“RAS only Refresh Cycle” puts. it back into “Normal 
Mode”. The “Test Mode” function reduces test time (1/2 
in cases of N test pattern). ; 
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DEVICE OPERATION 


Device Operation 

The KM44C1002C contains 4,194,304 memory loca- 
tions. organized as 1,048,576 four-bit words. Twenty- 
tWo address bits are required to address a particular 4- 
bit word in the memory array. Since the KM44C1002C 
has only 10 address.input pins, time multiplexed 


addressing is used to input 10 row and 10 column | 


addresses. The multiplexing is controlled by the timing 
relationship between the row address strobe (RAS), the 
column address strobe CS and the valid row and col- 
umn address inputs. 


Operation of the KM44C1002C begins by strobing in a 
’ valid row address with RAS while CS remains high. 
Then the address on the 10 address input pins is 
changed from a row address to a column address and 
is strobed in by CS. This is the beginning of any 
KM44C1002C cycle in. which a memory location is 


accessed. The specific type of cycle is determined by 


the state of the write enable pin and various timing 
relationships. The cycle is terminated when both RAS 
and CS have returned to the high state. Another cycle 
can be initiated after RAS remains high long enough to 
satisfy the RAS precharge time (trp) requirement. 


RAS and CS Timing 

The minimum RAS and CS pulse widths are specified 
by tras(min) and tes(min) respectively. These minimum 
pulse widths must be satisfied for proper device opera- 
tion and data integrity. Once a cycle is initated by 
bringing RAS low, it must not be aborted prior to satis- 
fying the minimum RAS and CS pulse widths. In addi- 
tion, a new cycle must not begin until the minimum 
RAS precharge time, tre, has been satisfied. Once a 
cycle begins, internal clocks and other circuits within 
the KM44C1002C bigin a complex sequence of events. 
If. the sequence is broken by violating minimum timing 
requirements, loss of data integrity can occur. 


Read 

A read cycle is achieved by maintaining the write 
enable input(W) high during a RAS/CS cycle. The 
access time is normally specified with respect to the 
falling edge of RAS. But the addess time also depends 
on the falling edge of CS and on the valid column 
address transition. 


lf CS goes low before trcp(max) and if the column 
address is valid before tRap(max) then the access time 
to valid data is specified by trac(min). However, if CS 
goes low after trcp(max) or if the column address 
becomes valid after trap(max), access is specified by 
tcac or taa. In order to achieve the minimum access 
time, tRac(min), it is necessary to meet both trcp(max) 
and trap(max). 


The KM44C1002C has common data I/O pins. For this 
reason and output enable control input (OE) has been 
provided so the output buffer can be precisely con- 
trolled. For data to appear at the outputs. OE must be 
low for the period of time defined by toca and toez. 


Write * 

The KM44C1002C can perform early write, late write 
and read-modify-write cycles. The differece between 
these cycles is in the state of data-out and is deter- 
mined by the timing relationship between W, OE and 
CS. In any type of write cycle, Data-in must be valid at 
or before the falling edge of W or CS, whichever is 
later. 


Early Write: An early write cycle is performed by bring- 
ing W low before CS. The 4-bit wide data at the data 
input pins is written into the addressed memory cells. 
Throughout the early write cycle the output remain in 
the Hi-Z state. In the early write cycle the output 
buffers remain in the Hi-Z state regardless of the state 
of the OE input. 


Read-Modify-Write: In this cycle, valid data from the 
daaressed cell appears at the output before and during | 
the time that data is being written into the same cell 
location. This cycle is achieved by bringing W low after 
CS and meeting the data sheet read-modify-write 
cycle timing requirements. The output enable input 
(OE) must be low during the time defined by toe and 
toez for data to apear at the outputs If tcwp and trwo 


‘are not to the OE timing requirements prevents bus 


contention on the KM44C1002C's DQ pins. 


Data Output 

The KM44C1002C has a three-state output buffer 
which is controlled by CSand OE. Whenever CS or OE 
is high(Vix) the output are in the high impedance(Hi-Z) 
state. In any cycle in which valid data appears at the 
output, the output goes into the low impedance state 
in a time specified by tciz after the falling edge of CS. 
Invalid data may be present at the output during the 
time after tcLz and before the valid data appears at the 
output. The timing paraneters tcac, tRac and taa speci- 
fy when the valid data will be present at the output. 
This is true even if a new RAS cycle occurs (as in hid- 
den refresh). Each of the KM44C1002C operating 
cycles is listed below after the corresponding output 
state produced by the cycle. 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Static Column Mode Read, Static Column 
Mode Read-Modify-Write. 
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DEVICE OPERATION continued) 


Hi-Z Output State: Early Write, RAS-only Refresh, 
Static Column Mode Write, CS-before-RAS Refresh, 
CS-only cycle. 


Indeterminate Output State: Delayed Write (tcwp or 
tRWD) 


Refresh 

The data in the KM44C1002C is stored on a tiny 
capacitor within each memory cell. Due to leakage the 
data may leak off after a period of time. To maintain 
data. integrity it is necessary to refresh each of the 
rows every 16ms. Either a burst refresh or distributed 
refresh may be used. There are several ways to 
accomplish this. 


RAS-Only-Refresh: This is the most common method 
for performing refresh. It is performed by strobing in a 
row address with RAS while CS remains high. This 
cycle must be repeated for each for each of the 1024 
rw address. (Ao~Ag). 


CS-before-RAS Refresh: The KM44C1002C has CS- 
Before-RAS on-chip refresh capability that eliminates 
the need for external refresh addresses. If CS is held 
low for the specified set up time (tcsr) before RAS 
goes low, the on-chip refresh circuitry is enabled. An 
internal refresh operation automatically occurs. The 
refresh address is supplied by the on-chip refresh 
address counter which is then internally incremented in 
preparation for the next CS-before-RAS refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be per- 
formed while maintaining the latest valid data at the 
output by extending the CS active time and cycling 
RAS. The KM44C1002C hidden refresh cycle is actu- 
ally CS-before-RAS refresh cycle within an extended 
read cycle. The refresh row address is provided by the 
on-chip refresh address counter. 


Other Refresh Methods: It is also possible to refresh : 


the KM44C1002C by using read, write or read-modify- 
write cycles. Whenever a row is accessed, all the cells 
in that row are automatically refreshed. There are cer- 
tain applications in which it might be advantateous to 
perform refresh in this mammer but in gheneral RAS- 
only or CS-before-RAS refresh is the preferred 
method. - 


Power-up 

if RAS= Vss during power-up, the KM44C1002C might 
begin an active cycle. This coundition results in higher 
than necessary current demands from the power sup- 
plu during power-up. It is recommended that RAS and 
CS rrack with Vcc during power-up or be held at a 
valid Vin in order to minimize the power-up current. 


An initial pause of 200s sec is required after power-up . 
followed by 8 initialization cycles before proper device 
operation is assured. Eight initialization cycles are also 
required after any 8 msec period in which there are no 
RAS cycles. An initialization cycle is any cycle in which 
RAS is cycled. 


Termination . 

The lines from the TTL driver circuits to the 
KM44C1002C inputs act like unterminated transmis- 
sion lines resulting in significant overshoot and under- 
shoot at the inputs. To minimize overshoot it is advis- 
able to terminate the input lines and to keep them as 
short sa possible. Although either series or parallel ter- 
mination may be used, series termination is generally 
recommended since it is simple and draws no addi- 
tional power. It consists of a resistor in series with the 
input line placed close to the KM44C1002C input pin. 
The optimum value depends on the board layout. It 
must be determined experimentally and is usually in 
the range of 20 to 40 ohms. 


A high frequency 0.14F ceramic decoupling capacitor 
should be connected between the Vcc and ground 
pins of each KM44C1002C using the shortest possible 
traces. These capacitors act as a low impedance shunt 
for the high frequency switching transients generated 
by the KM44C1002C and they supply much of the cur- 
rent used by the KM44C1002C during cycling. 
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DEVICE OPERATION (continued) 


Board Layout 

It is important to lay out the power and ground lines on 
memory boards in such a way that switching transient 
effects are minimized. The recommended methods:are 
gridded power and ground lines or separate power and 
ground planes. The power and ground lines act like 
transmission lines to the high frequency transients 
generated by DRAMS. The impedance is minimized if 
all the power supply traces to all the DRAMS run both 
horizontally and vertically and are connected at each in- 
tersection or better yet if power and ground planes are 
used. 


Address and control lines should be as short as possi- 
ble to avoid skew. In boards with may DRAMs these 
lines should fan out from a central point like a fork or 
comb rather than being connected in a serpentine pat- 
tern. Also the control logic should be centrally located 
on the memory boards to facilitate the shortest possi- 
ble address and control lines to all the DRAMs. 


Decoupling 
The importance of proper decoupling can not be over 


PACKAGE DIMENSIONS 


20-LEAD PLASTIC DUAL IN-LINE PACKAGE 


0.962 (24.43) 





emphasized. Excessive transient noise or voltage droop 
on the Vcc line can cause loss of data integrity (soft er 
rors). It is recommended that the total combined vol- 
tage changes over time in the Vcc to Vss voltage 
(measured at the device pins) should not exceed 500mV. 


A high frequency 0.1nF ceramic decoupling capacitor 
should be connected between the Vcc and ground pins 
of eachKM44C1002Busing the shortest possible traces. 
These capacitors act as a low impedance shunt for the 
high frequency switching transients generated by the 
KM44C1002Band they supply much of the current used 
by the KM44C1002B during cycling. 


in addition, a large tantalum capacitor with a value of 
47uF to 100uF should be used for bulk decoupling to 
recharge the 0.1,F capacitors between cycles, thereby 
reducing power line droop. The bulk decoupling capa- 
citor should be placed near the point where the power 
traces meet the power grid or power plane. Even better 


- results may be achieved by distributing more than one 


tantalum capacitor around the memory array. 


Units: Inches (millimeters) 











0.972 (24.69) 








0° - 10° 












300 (7.62) 
0.325 (8.26) 


0.293 (7.44) 





0.279 (7.08) 





0.135 (3.43) 


0.145 (3:68) 














ih 





—=— 
0.009 (0.23) | 


0.013 (0.33) 
0.015 (0.38) 


MIN 


0.183 (4.65) 
MAX 


0.115 (2.92) 
i MIN 












0.100 (2.54) 


JL 


0.016 (0.41) 








TYP 


0.024 (0.61) 


0.055 (1.40) 


0.035 (0.89) 


MAX 


0.050 (1.27) 
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PACKAGE DIMENSIONS (Continueq) 
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD 


Units: Inches (millimeters) 


0.027 (0.69) 
) MIN 













Pa ps ses 
alo sale ee 
bel ag BS ate Rs 
fl ioe 2B)G sis 
wol}wo Qin o]/o OIin 
a 

als SIN B13 Sls 
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c | 0.128 (3.25) 
' 0.145 (3.68) 



















026 
32 
0.050 (1.27) 


| MAX 





Georen 


0.060 (1.27) 0.015 (0.38) 
TYP 0.021 (0.53) 


20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 


c— LI 

i ava 
0. (0.66) 
0.032 (0.81) 





. 1.025(26.04) 0.113(2.87) 
1.035(26.29) . 0.120(3.05) 













0.325(8.26) 
0.335(8.51) 





0.400(10.16) 







0.009(0.23) 
0.013(0.33) 


| 0.100(2.54) 
MIN ! TYP 






0.100(2.54) 
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- PACKAGE DIMENSIONS (continued) 
20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (il) (Forward and Reverse Type) 
Units: Inches (millimeters) 


0.03 (0.80) 










0.298 (7.57) 
0.302 (7.67) 
0.324(8.22) 
0.359 (9.12) 
0.367 (9.32) 









0.671 (17.04) 
0.679 (17.24) 


0.039 (1.0) 
0.047 (1.20) 


0.005 (0.13) 
0.008 (0.20) 





: PG A Fa ere By Bee eS a 
Slensee)] CHARA HAHA | 
0.048 (1.22) | 0.012 (0.30) 
0.052 (1.32) 0.020 (0.50) 
0.016 (0.40) | 
0.024 (0.60) . 
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1M x 4Bit CMOS Quad CAS RAM with Fast Page Mode 


FEATURES 


« Performance range: 


P| tre | tence | 
KM44C1003C/CL/CSL-5 | 50ns | 13ns | 90ns | 
KM44C1003C/CL/CSL-6 | 60ns | 15ns | 140ns 


KM44C1003C/CL/CSL-7 70ns 130ns 


KM44C1003C/CL/CSL-8 | sons | 20ns | 


¢ Fast Page Mode operation 
» Four separate CAS pins provide for separate I/O 
operation 
« CAS-before-RAS refresh capability 
« RAS-only and hidden refresh capability 
¢ Fast parallel test mode capability 
¢ TTL compatible inputs and outputs . 
¢ Early wite or output enable controlled write 
* Single + 5.0V +10% power supply 
¢ Refresh Cycle 
— 1024 cycle/16ms (Normal) 
— 1024 cycle/128ms (L-version) 
— 1024 cycle/256ms (SL-version) 
¢ Power Dissipation 
— Standby: 5.5mW (Normal) 
1.1mW (L-version) 
0.55mW (SL-version) 
— Active (50/60/70/80) : 468/413/358/303mW 
e JEDEC standard pinout 
¢ Available in plastic SOJ and TSOP -Il packages 







FUNCTIONAL BLOCK DIAGRAM 


RA 
CAS1-CA Control & Clocks 
Refreshcontrol & 
Address Counter 


22a 


GENERAL DESCRIPTION 


The Samsung KM44C1003C/CL/CSL is a CMOS high 
speed 1,048,576 x 4 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as minicomputers, graphics and high 
performance portable computers. 


The KM44C1003C/CL/CSL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides in-chip auto refresh as an 
alterntive to RAS-only refresh. All inputs and outputs are 
fully TTL compatible and four separate CAS pins 
provide for separate I/O operation allowing this device 
to operate in partity mode. 


The KM44C1003C/CL/CSL is fabricated using 
Samsung's advanced CMOS process. 


bs Column Decoder i 
Rm Sense Amps & !/0 Butter 


Address Buffers 
Row Decoder 


Ag 





Memory Array 
1,048,576 
x 4 Celis 





ELECTRONICS 





204 


KM44C1003C/CL/CSL 


CMOS DRAM 





PIN CONFIGURATION (Top Views) 


* KM44C1003CJ/CLJ/CSLJ 


DQ, Vss 
DQ2 DQ, 
Ww DQ3 
RAS CAS, 
CAS, OE 
CAS2 CAS3 
. Ag N.C 
Aog8 Ag 
At A7 
A2 A6 
A3 11 As 
Voc 12 A4 










* KM44C1003CT/CLT/CSLT 


Pin Function 
Address Inputs 











* KM44C1003CTR/CLTR/CSLTR 






























































ELECTRONICS 


DQ1-DQ4 Data In/Out = 

|_vss Ground 
_ RAS Row Address Strobe 

LL CAS1-CAS4 Column Address Strobe 

Ww ~ Read/Write Input __ 
| OE Data Output Enable 
i Vcc = Power(+5.0V) i 

N.C. No connection 
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ABSOLUTE MAXIMUM RATINGS 


ee eae ee a 
Vilage on any pinrelatvetoves_——«|_—Wwvowr—~(| tte —~« Si 

Voltage on Vcc supply relative to Vss 
Power Dissipation ee ee ee 
[_ShortGircuit Output Curent | tos, S| | 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum amg conditions for extended Paes may affect device reliability. 

























Storage Temperature 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


a 


Ground Vss 











- Parameter 







KM44C1003C/CL/CSL-5 
KM44C1003C/CL/CSL-6 
KM44C1003C/CL/CSL-7 
KM44C1003C/CL/CSL-8 


KM44C1003C 
KM44C1003CL 
KM44C1003CSL 


KM44C1003C/CL/CSL-5 
KM44C1003C/CL/CSL-6 
KM44C1003C/CL/CSL-7 
KM44C1003C/CL/CSL-8 


KM44C1003C/CL/CSL-5 
KM44C1003C/CL/CSL-6 
KM44C1003C/CL/CSL-7 
KM44C1003C/CL/CSL-8 


KM44C1003C 
KM44C1003CL 
KM44C1003CSL 


KM44C1003C/CL/CSL-5 
KM44C1003C/CL/CSL-6 
KM44C1003C/CL/CSL-7 Icce 
~ KM44C1003C/CL/CSL-8 










Operating Current* 
(RAS, CAS, Address Cycling @trc=min.) 



























Standby Current 
(RAS=CAS=W=Vin ) 








RAS-Only Refresh Current* 
(CAS=Vin, RAS, Address Cycling Bese) 











Fast Page Mode Current* 
(RAS=Vi, CAS, Address Cycling @tec=min.) 


Standby Current 
"| (RAS=CAS=W=Vcc-0.2V) 


CAS-Before-RAS Refresh Current* 
(RAS and CAS Cycling @trc=min.) 


Icc4 © 
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KM44C1003CL 
KM44C1003CSL 












DC AND OPERATING CHARACTERISTICS (Continued) . 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(ViH}=Vcc-0.2V ; A 
Input Low Voltage(Viu}=0.2V CAS=CAS-Before-RAS loc7 ‘ a) 
250#S(SL-Ver), TRas=Trasmin~300ns 
Input Leakage Current ' . 
(Any input 0<Vin <Vcc+0.5V, all other pins not under test=0 volts.) ue 
Output Leakage Current . 
(Data out is disabled, 0V<Vour<Voc) tow | 10] 10 | a 
‘OH 
Output Low Voltage Level (loL.=4.2mA) VoL Rags 
*NOTE: Icc1, Icc3, Icca and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 


CT arametor «dmb t] Min | Max | Units 
Cycling or 0.2V DQ1-DQ4=Don't Care Tro=1254S(L-Ver) 
Output High Voltage Level (loH=-5mA) | vow | 24] - | v 
V 
two times while RAS=Vi. in Icc4, Address can be changed. maximum once during a fast page mode cycle. 





CAPACITANCE (ta=25°C, Vcc=5.0V, f=1MHz) 






[Carameter «Symbol [Min | -Max | Unit 
Wnput Capacitance ova) ——SSSCS*~“~*‘dtSSCS SYS 
Input Capacitance (US, CASGAS, WOE) (| _one | - -+(| 7 ~+| or 

Output Capacitarice (DQ1~DQa) | co | - | 7 | pw | 


AC CHARACTERISTICS (0°c<tTa<70°C, Vcc=5.0V-+0.5V, See notes 1,2) 


Test condition : Vin/Vi=2.4/0.8V, Voh/Vol=2.4/0.4V, output loading CL=100pF 


Random read or write cycle time 
Read-modify-write cycle time 


Access time from CAS 
[Outputbufertun-offdely | 















Ff 
5 





Output buffer turn-off delay 
tas 
too 


+ a os = 
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AC CHARACTERISTICS (continued) 


Test condition : Vin/Vii=2.4/0.8V, Voh/Vol=2.4/0.4V, output loading CL=100pF 


a 


[RAS to column access deaytime | tw | 15 | 25] 18, 
[CASto AAS precagetime | tow | 5] 8 
Rowaddresssetuptime | tw | | | | 


Row address hold time 











Notes 
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Column address set-up time 


~~ 


Column address hold time 

Column address hold time referencedtoRAS 
Column address to RAS lead time 

Read command set-up time 


_ 
~ 
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Read command hold time referenced to CAS 
Read command hold time referenced to RAS 
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Data set-up time 
Data-in hold time 


Refresh period (Normal) 
Refresh period (L-ver) 
Refresh period (SL-ver) 
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RAS to W delay time 
‘AS 
‘AS hold time(CAS-before-RAS refresh) 
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CAS precharge time 
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AC CHARACTERISTICS (Continued) 


aoe 


OE to data delay ee ee ee ee 
Output buffer tum off delay time from OE cee ee 
OE command hold time tOEH fat | as] | 20 | oof =| ns | 
twis | 10 —4 10 = 10 
twen | 10 10 10 
WoRAS prechagetimeC-BRreyce) | wre | 10] | to] | tof | to) ts | 


oR sted | ww |_| ol J to] - | to] | ns | 
Hold time CAS tow to GAS high |tacn| 5] | 5) | 5; | 5] _| ns | 1526 | 
TEST MODE CYCLE  WNote.12) 


oe ee 
[Random read orwrtecycietime | two | 95) ats] faa | | t85| | ns | 
[Read-modiy-wrtecyclotme | we | 38] | too| fo] | ao] | os | 
FAS | oo} | wt | 5] || ns [atti 
| | aot] | a8] [3485313 
oa _45| ns | 311,13 | 


0, ! 10,000 
10,000 
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OE to data delay tOED 
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OE command hold time toEH | 1 ns 
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NOTES 


1 


on 


10. 


. An initial pause of 200s is required after power-up 


followed by any 8 CAS-before-RAS or RAS-only 
Refresh cycles before proper device operation is 
achieved. 


. ViH(min) and Vit(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and Vit(max) are 
assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads 


and 100pF 


. Operation within the taco(max) limit insures that 


trRac(max) can be met. trcp(max) is specified as a 
reference point only. If tacp is greater than the 
specified trcp(max) limit, then access time is 
controlled exclusively by tcac. 


. Assumes that trop > trop (max). 
. tAR, twcR, tDHR are referenced to tRAD(max). 
. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to Vou or VOL. 


. twos, tRwb, tcwo and tawp are non restrictive 


operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle.: If tcwo>tcwo(min), tawo> 
trwpo(min) and tawp>tawo(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRcH or tRRH must be satisfied for a read 


cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 


11. 


12. 
. In test mode read cycle, the value of tRAc, taa, tcac 


14. 


15. 


16. 


17. 
. The last CAS x edge to transition low. 
19. 


20. 


21. 
22. 
23. 
24. 
25. 
26. 


Operation within the trap(max) limit insures that 
trac(max) can be met. trRaD(max) is specified as a 
reference point only. If trap is greater than the 
specified tRAD(max) limit, then access time is 
controlled by taa. 

These specifications are applied in the test mode. 


is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

torF(max) and toez(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. 

In order to hold the address latched by the first 
CAS x going low, the parameter tcLcH must be met. 
If at least one CAS is low at the falling edge of 
RAS, DQ will be maintained from the previous 


cycle. To initiate a new cycle and clear the datao-ut - 


buffer, all four CAS must be pulsed high for tcp. 
The first CAS x edge to transition low. 


Output parameter is referenced to corresponding 
CAS x input. 

Last rising CAS x edge to next cycle's last rising 
CAS x edge. 

Last rising CAS x edge to first falling CAS x edge. 
First DQ x controlled by the first CAS x to go low. 
Last DQ x controlled by the first CAS x to go low. 
Each CAS x must meet minimum pulse width. 

Last CAS x to go low. 

The last falling CAS x edge to the first rising CAS x 
edge. 
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TIMING DIAGRAM 
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TIMING DIAGRAM Ccontinueg) 
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TIMING DIAGRAM (Continued) 
WRITE CYCLE (OE CONTROLLED WRITE) 
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TIMING DIAGRAM (Continue) 
READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAM (continue) 
FAST PAGE MODE READ CYCLE 
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TIMING DIAGRAM (Continued) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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_ TIMING DIAGRAM continued) 
FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS (Continued) 


RAS ONLY REFRESH CYCLE 
NOTE: W, OE=Don't Care 
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_ TIMING DIAGRAMS (continued) 
HIDDEN REFRESH CYCLE (READ) 
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TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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TIMING DIAGRAMS (Continued) 


TEST MODE IN CYCLE 
Note: OE, Address: Don’t Care 
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TEST MODE DESCRIPTION 


The KM44C1003C/CL/CSL is the RAM organized 1, 
048,576 words by 4 bit, it is internally organized 524, 
288 words by 8 bits. In “Test Mode", data are written 
into 8 sectors in parallel and retrieved the same way. 
_ Column address bit Ao is not used. If, upon reading, two 
bits on one I/O pin are equal (all "1"s or "O"s) the 1/O pin 
indicates a "1". If they were not equal, the I/O pin would 
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indicate a "0". In "Test Mode”, the 1M x 4 DRAM can be 
tested as if it were a 512K x 4 DRAM. W, CAS-BEFORE- 
RAS Cycle (Test Mode in Cycle) puts the device into 
"Test Mode". And "CAS-BEFORE-RAS REFRESH 
CYCLE" or "RAS-only Refresh Cycle" puts it back into 
“Normal Mode". The "Test Mode" function reduces test 
time (1/2 in cases of N test pattern). 
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DEVICE OPERATION 


The KM44C1003C/CL/CSL contains 4,194,304 memory 
locations. Twenty address bit are required to address a 
particular 4-bit word in the memory array. Since the 
KM44C1003C/CL/CSL has only 10 address input pins, 
time multiplexed addressing is used to input 10 row 
(Ao~Ag) and 10 column(Ao~Ag) addresses. The 
multiplexing is controlled by the timing relationship 
between the row address strobe(RAS), the column 


address strobe(CASx) and the valid row and column 


address inputs. 


Operating of the KM44C1003C/CL/CSL begins by 
strobing in a valid row address with RAS while CASx 
remains high. Then the address on the 10 address input 
pins(Ao~Ag) is changed from a row address to a column 
address and is strobed in by CASx. This is the beginning 
of any KM44C1003C/CL/CSL cycle in which a memory 
location is accessed. The specific type of cycle is 
determined by the state of the write enable pin and 
various timing relationships. The cycle is terminated 
when both RAS and CASx have returned to the high 
state. Another cycle can be initiated after RAS remains 
high long enough to satisfy the RAS precharge time(trP) 
requirement. 


RAS and CASx Timing 

The minimum RAS and CASx pulse widths are specified 
by tras(min) and tcas(min) respectively. These minimum 
pulse widths must be satisfied for proper device 
operation and data integrity. Once a cycle is initiated by 
bringing RAS low, it must not be aborted prior to 
satisfying the minimum RAS and CASx pulse widths. In 
addition, a new cycle must not begin until the minimum 
RAS precharge time, tre, has been satisfied. Once a 
cycle begins, internal clocks and other circuits within the 
KM44C1003C/CL/CSL begin a complex sequence of 
events. If the sequence is broken by violating minimum 
timing requirements, loss of data integrity can occur. 


Read 

A read cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CASx cycle. The access 
time is normally specified with respect to the falling edge 
of RAS. But the access time also depends on the falling 
edge of CASx and on the valid column address 
transition. E 

If CASx goes low before trcp(max) and if the column 











-address is valid before trac(max), then the access time 





to valid data is specified by trac(min). However, if CASx 
goes low after trco(max) or if the column address 
becomes valid after traD(max), access is specified by 
tcac or taa. In order to achieve the minimum access 
time, trRac(min), it is necessary to meet both trcp(max) 
and trRap(max). The KM44C1003C/CL/CSL has common 
data I/O pins. The this reason an output enable control 


input(OE) has been provided so the output buffer can be 
precisely controlled. For data to appear at the outputs, 
OE must be low for the period of time defined by toca 
and toeEz. 


Write 

The KM44C1003C/CL/CSL can perform early write, late 
write and read-modify-write cycles. The difference 
between these cycles is in the state of data-out and is 
determined by the timing relationship between W, OE 
and CASx. In any type of write cycle, Data-in must be 
valid at or before the falling edge of W or CASx, 
whichever is later. 





Early Write: An early write cycle is performed by bringing 
W low before CASx. The data at the data input pins is 
written into the addressed memory cells. Throughout the 
early write cycle the output remains in the Hi-Z state. In 
the early write cycle the output buffers remain in the 
three state regardless of the state of the OE input. 





Read-Modify-Write: In this cycle, valid data from the 
addressed cell appears at the output before and during 
the time that data is being written into the same cell 
location. This cycle is achieved by bringing W low after 
CASx and meeting the data sheet read-modify-write 
cycle timing requirements. This cycle requires using a 
separate I/O to avoid bus contention. 


Late Write: If W is brought low after CASx, a late write 
cycle will occur. The late write cycle is very similar to the 
read-modify-write cycle except that the timing 
parameters, tRwb, tcwD and tawod, are not necessarily 
met. The state of date-out is indeterminate since the 
output can be either Hi-Z or contain data depending on 
the timing conditions. This cycle requires a separate /O 
to avoid bus contention. 


Data Output 

The KM44C1003C/CL/CSL has a three-state output 
buffers which is controlled by CASx and OE. Whenever 
CASx and OE are high (Viv), the outputs are in the high 
impedance state. In any cycle in which valid data 
appears at the output, the output goes into the low 
impedance state in a time specified by tc.z after the 
falling edge of CASx. invalid data may be present at the 
output during the time after tcLz and before the valid 
data appears at the output. The timing parameters tcac, 
trac and taa specify when the valid data will be present 
at the output. The valid data remains at the output until 
CASx returns high. This is true even if a new RAS cycle 
occurs(as in hidden refresh). Each of the KM44C- 
1003C/CL/CSL operating cycles is listed:below after the 
corresponding output state produced by ‘the cycle. 
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DEVICE OPERATION (Continued) 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode Read- 
Modify-Write. 


Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, CASx-before-RAS Refresh, OE 
controlled write. 





Indeterminate Output State: Delayed Write (tcwp or trwo 
are not met) 


Refresh 

The data in the KM44C1003C/CL/CSL is stored on a 
tiny capacitor within each memory cell. Due to leakage 
the data may leak off after a period of time. To maintain 
data integrity it is necessary to refresh each of the rows 
every 16ms. There are several ways to accomplish this. 


RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CASx remains high. This cycle 
must be repeated for each row. 





CASx-before-RAS Refresh: The KM44C1003C/CL/ CSL 
has CASx-before-RAS on-chip refresh capability that 
eliminates the need for external refresh addresses. If 
CASx is held low for the specified set up time (tcsr) 
before RAS goes low, the on-chip refresh circuitry is 
enabled. An internal refresh operation automatically 
occurs. The refresh address is supplied by the on-chip 
refresh address counter which is then internally 
incremented in preparation for the next CASx-before- 
RAS refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be 
performed while maintaining the latest valid data at the 
output by extending the CASx active time and cycling 
RAS. The KM44C1003C/CL/CSL hidden refresh cycle is 
actually a CASx-before-RAS refresh cycle within an 
extended read cycle. The refresh row address is 
provided by the on-chip refresh address counter. 





Other Refresh Methods: It is also possible to refresh the 
KM44C1003C/CL/CSL by using read, write or read- 
modify-write cycles. Whenever a row is accessed, ail the 
cells in the row are automatically refreshed. There are 
certain applications in which it might be advantageous 
to perform refresh in this manner but in general RAS- 
only or CASx-before-RAS refresh is the preferred 
method. 





Fast Page Mode 


Fast page mode provides high speed read, write or 


read-modify-write access to all memory cells within a 


selected row. These cycles may be mixed in any order. 
A fast page mode cycle begins with a normal cycle. 
Then, while RAS is kept low to maintain the CASx is 
cycled to strobe in additional column address. This 
eliminates the time required to set up and strobe 
sequential row addresses for the same page. 


CASx-before-RAS Refresh Counter Test Cycle 
A special timing sequence using the CASx-before-RAS 
counter test cycle provides a convenient method of 
verifying the functionality of the CASx-before-RAS 
refresh activated circuitry. 








After the CASx-before-RAS refresh operation, is CASx 
goes high and then low again while RAS is held low, the 
read and write operations are enabled. 


This is shown in the CASx-before-RAS counter test 
cycle timing diagram. A memory cell can be addressed 
with 10 row address bits and 10 column address bits 
defined as follows: 


Row Address — Bits Ao through Ag are supplied by the 
on-chip refresh counter. ; 


Column Address — Bits Ao through Ag are supplied by 
the falling edge of CASx as in a normal memory cycle. 


Suggested CASx-before-RAS Counter 

Test Procedure 

The CASx-before-RAS refresh counter test cycle timing 

is used in each of the following steps. 

1. Initialize the internal refresh counter by performing 8 
CASx-before-RAS cycles. 

2. Write a test pattern of "lows" into the memory cells at 
a single column address and 1024 row address. 

(The row addresses are supplied by the on-chip 
refresh counter). 

3. Using read-modify-write cycles, read the "lows" 
written during step 2 and write "highs" into the same 
memory locations. Perform this step 1024 times so 
that highs are written into the 1024 memory cells. 

4. Read the "highs" written during step 3. 

5. Complement the test pattern and repeat steps 2,3 
and 4. 





Power-up 

If RAS=Vss during power-up, the KM44C1003C/ 
CL/CSL could possibly begin an active cycle. This 
condition results in higher than necessary current 
demands from the power supply during power-up. It is 
recommended that RAS and CASx track with Vcc during 
power-up or be held at a valid Vin in order to minimize 
the power-up current. 
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DEVICE OPERATION (Continued) 


An initial pause of 200 «usec is required after power-up 
followed by any 8 RAS cycles before proper device 
operation is assured. Eight initialization cycles are also 
required after any 64 msec period in which there are no 
RAS cycles. An initialization cycle is any cycle in which 
RAS is cycled. 


Termination 

The lines from the TTL driver circuits to the 
KM44C1003C/CL/CSL inputs act like unterminated 
transmission lines resulting in significant overshoot and 
undershoot at the inputs. To minimize overshoot it is 
advisable to terminated the input lines and to keep them 
as short as possible. Although either series or parallel 
termination may be used, series termination is generally 
recommended since it is simple and draws no additional 
power. It consists of a resistor in series with the input 
line placed close to the KM44C1003C/CL/CSL input pin. 


The optimum value depends on the board layout. It , 


must be determined experimentally and is usually in the 
range of 20 to 40 ohms. 


Board Layout 

It is important to lay out the power and ground lines on 
memory boards in such a way that switching 
transienteffects are minimized. the recommended 
methods are gridded power and ground lines or 
separate power and ground planes. The power and 
ground lines act like transmission lines to the high 
frequency transients generated by DRAMS. The 


impedance is minimized if all the power supply traces to 
all the DRAMS run both horizontally and vertically and 
are connected at each intersection or better yet if power 
and ground planes are used. 


Decoupling 

The importance of proper decoupling can not be over 
emphasized. Excessive transient noise or voltage droop 
on the Vcc fine can cause loss of data integrity(soft 
errors). It is recommended that the total combined 
voltage changes over time in the Vcc to Vss voltage 
(measured at the device pins) should not exceed 500mvV. 


A high frequency 0.1 «F ceramic decoupling capacitor 
should be connected between the Vcc and ground pins 
of each KM44C1003C/CL/CSL using the shortest © 
possible traces. These capacitors act as a low 
impedance shunt for the high frequency switching 
transients generated by the KM44C1003C/CL/CSL and 
they supply much of the current used by the 
KM44C1003C/CL/CSL during cycling. 


In addition, a large tantalum capacitor with a value of 
47uF to 100uF should be used for bulk decoupling to 
recharge the 0.1“F capacitors between cycles, thereby 
reducing power line droop. The bulk decoupling 
capacitor should be placed near the point. where the 
power traces meet the power grid or power plane. Even 
better results may be achieved by distributing more than 
one tantalum capacitor around the memory array. 
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PACKAGE DIMENSIONS | 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) Units: Inches (millimeters) 








0.027 (0.69) 
MIN 


















0.295 (7.49) 
0.305 (7.75) 
0.260 (6.60) 
0.275 (6.98) 


0.330 (8.38) 
0.340 (8.64) 
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0.012 (0.30) 














0.670 (17.02) | 0.128 (3.25) 
0.680 (17.27) 0.145 (3.68) 























CY! 0.004(0.1) 


0.050(1 an} a A: 0.015(0.38) 
TYP 0.021(0.53) 

















| 0.026(0.66) 

0.032(0.81) 
0.050(1.27) 
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24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(II) (SOOMIL, Forward and Reverse Type) 


0.03 (0.80) 

















0.298 (7.57) 
0.302 (7.67) 





0.324(8.22) 
0.359 (9.12) 
0.367 (9.32) 


0.671 (17.04) 
0.679 (17.24) 


Braon) OHARA RIHAAAASD 


al i 0.048 (1.22) “012 oso L | 
0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 
TYP 


0.016 (0.40) LE i 
0.024 (060) 








0.039 (1.0) 
0.047 (1.20) 






0.005 (0.13) 





0.008 (0.20) - 
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CMOS DRAM 





1M x 4Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES 


¢ Performance range: 








[ trac | tcac | tre | tHpc 


KM44C1004C/CL/CSL-5 50ns | 13ns | 90ns / 20ns 
KM44C1004C/CL/CSL-6 60ns | 15ns j 110ns} 24ns 





























KM44C1004C/CL/CSL-7 70ns | 20ns | 130ns| 29ns 
| KM44C1004C/CL/CSL-8 80ns | 20ns 150ns | 34ns 


———L 








¢ Fast Page Mode with Extended data out 
* CAS-before-RAS refresh capability 
+ RAS-only and hidden refresh capability 
¢ Fast parallel test mode capability 
¢ TTL compatible inputs and outputs 
¢ Early write or output enable controlled write 
¢ Single + 5.0V +10% power supply 
« Refresh Cycle 
— 1024 cycle/16ms (Normal) 
— 1024 cycle/128ms (L-version) 
— 1024 cycle/256ms (SL-version) 
¢ Power Dissipation 
— Standby: 5.5mW (Normal) 
1.1mW (L-version) 
0.55mW (SL-version) 
— Active (50/60/70/80): 468/413/358/303mW 
¢ JEDEC standard pinout 
¢ Available in plastic DIP,SOJ,ZIP and TSOP -Il 
packages 


FUNCTIONAL BLOCK DIAGRAM 


CONTROL & 
CLOCK 


GENERAL DESCRIPTION 


The Samsung KM44C1004C/CL/CSL is a high speed 
CMOS 1,048,576 x 4 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as mainframes and mini computers, 
graphics and high performance microprocessor 
systems. 


The KM44C1004C/CL/CSL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alterntive to RAS-only Refresh. All inputs and outputs 
are fully TTL compatible. 


The KM44C1004C/CL/CSL is fabricated using 
Samsung's advanced CMOS process. 


REFRESH CONTROL & 
| ADDRESS COUNTER 


Be COLUMN DECODER 
| _ 


SENSE AMPS & I/O 


MEMORY ARRAY 
1,048,576 x 4 CELLS 


ADDRESS BUFFERS 
ROW DECODER 
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KM44C1004C/CL/CSL CMOS DRAM 





PIN CONFIGURATION (Top Views) 


* KM44C1004CP/CLP/CSLP * KM44C1004CJ/CLJ/CSLU =» KM44C1004CZ/CLZ/CSLZ 





* KM44C1004CT/CLT/CSLT * KM44C1004CTR/CLTR/CSLTR 






Pin Names| Pin Function | 
Address Inputs 


RAS Row Address Strobe 
Column Address Strobe 
Read/Write Input 
Data Output Enable 
Data In/Data Out 
Power (+ 5V) 
Ground 
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KM44C1004C/CL/CSL CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS 





Parameter 































Voltage on any pin relative to Vss Vin, Vout -1to +7.0 V 

Voltage on Vcc supply relative to Vss L Vcc -1to +7.0 “| V 

Storage Temperature Tstg -55 to + 150 °C 
Lia an T + 

Power Dissipation ue Pp 600 mw 

Short Circuit Output Current 50 





* 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. . 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 












Supply Voltage 





Ground 





Input High Voltage 














V 
— Voc + 1 [ Vv 
Input Low Voltage V 








DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 























Parameter Symbol; Min | Max | Units 
KM44C1004C/CL/CSL-5 85 mA 
Operating Current* KM44C1004C/CL/CSL-6 lees - 75 mA 
(RAS and CAS Cycling @trc=min.) KM44C1004C/CL/CSL-7 65 mA 
KM44C1004C/CL/CSL-8 55 mA 
Standby Current KM44C1004C Ba : 2 mA 
(RAS=CAS=W=Vu ) KM44C1004CL/CSL 1 mA 
KM44C1004C/CL/CSL-5 1 85 mA 
RAS-Only Refresh Current* KM44C1004C/CL/CSL-6 ties ; 75 | mA 
(CAS=Vin, RAS, Address Cycling @trc=min.) KM44C1004C/CL/CSL-7 65 mA 
KM44C1004C/CL/CSL-8 55 mA 
KM44C1004C/CL/CSL-5 85 mA 
EDO Mode Current* KM44C1004C/CL/CSL-6 tse . 75 mA 
(RAS=ViL, CAS, Address Cycling @tHec=min.) KM44C1004C/CL/CSL-7 65 mA 
KM44C1004C/CL/CSL-8 55 mA 
KM44C1004C i 1 mA 
PAS CAS-WVoo-0 aif KM44C1004CL Icos - | 2001 yA 
Pacis a : KM44C1004CSL 100 HA 
KM44C1004C/CL/CSL-5 85 mA 
CAS-Before-RAS Refresh Current* KM44C1004C/CL/CSL-6 ies ; 75 mA 
(RAS and CAS Cycling @trac=min.) KM44C1004C/CL/CSL-7 65 mA 
KM44C01004C/CL/CSL-8 55 mA 
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DC AND OPERATING CHARACTERISTICS (continueg) 






Parameter 






Battery Back Up Current Average Power Supply Current, . 
Battery Back Up Mode, Input High Voltage(ViH)=Vcc-0.2V 
Input Low Voltage(ViL)=0.2V CAS=CAS-Before-RAS 
Cycling or 0.2V DQi-DQ4=Don't Care, Tro=1254S(L-Ver) 
Trc=250#S(SL-Ver.), TRaS=TRAS min.~300nS 










KM44C1004CL 
KM44C1004CSL 


300 LA 
150 HA 


| a) -10 10 HA 


Icc7 - 





















Input Leakage Current Vcc+0.5V 
(Any input O0< Vin <Vcc+0.5yV, all other pins not under test=0 volts.) 


























Output Leakage Current c 

(Data out is disabled, OV<Vour<Vec) Oe 2708 |) 0s AEE 

Output High Voltage Level (loH=-5mA) Vou 2.4 - V 
Sh pes 

Output Low Voltage Level (loL=4.2mA) VoL - 0.4 V 


*NOTE: Icc1, Icc3, Icca and Icce are dependent on output loading and cycle rates. Specified values are obtained with 


the output open. Icc is specified as an average current. In Icc1, Icc3, Icce, Address can be changed maximum 
two times while RAS=ViL. In Icca4, Address can be changed maximum once during a Hyper Page cycle. 


CAPACITANCE 1=25°c, Vcc=5v, f=1MHz) 


Parameter 


Input Capacitance (Ao~Ag) 





Input Capacitance (RAS, CAS, W, OE) 
Output Capaciiance (DQ1~DQa) 








AC CHARACTERISTICS | (0°C<Ta<70°C, Voo=5.0V + 0.5V, See notes 1,2) 
Test condition: ViH/ViL=2.4/0.8V, Voh/Vol=2.0/0.8V, output loading CL=100 pF 


































































































Parameter Symbol 
Min} Max | Minj| Max | Min} Max | Min| Max 
Random read or write cycle time tRC 90 110 130 150 | 
Read-modify-write cycle time trwe | 133 155 185 205 
Access time from RAS tRAC 60 70 80 
Access time from CAS tCAc 15 20 20 
Access time from column address tAA 30 35 | 40 
CAS to output in Low-Z toiz 3 3 3 
Output buffer turn-off delay from CAS tCEz 3 15:|; 3 20 3 20 
Transition time(rise and fall) tT 2 50 2 50 2 50 
RAS precharge time tRP 40 50 60 
RAS pulse width a” tRAS 10,000 | 60] 10,000} 70) 10,000 | 80) 10,000} ns 
RAS hold time {RSH 15 20 20 ns 
CAS hold time tCSH 50 60 70 ns 
CAS pulse width: tcas 10,000 | 10} 10,000} 15} 10,000 | 20) 10.000} ns 16 
RAS to CAS delay time tRCD 20 45| 20 50| 20 60| ns 4 
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AC CHARACTERISTICS (continued) 


= Pl an ee [nn | 
MSocomnasonscesyine [wo | 6] asl 5 


CAS to RAS precharge time 


Row address set-up time 


7 


Notes 


+ 
QO 
Ps) 
uv 


Row address hold time 


Hi 
it 
rerrre 


= 

on 
= 
a 


Column address set-up time 


le 


Column address hold time 


a /42/;oai{ta2];o 
oO; lo; !|o 


| Column address hold time referenced to RAS 
Column address to RAS lead time 


sig 
3 2 


Read command set-up time 
Read command hold time referenced to CAS 


ao |o 
3/3 
x= it 


Read command hold time referenced to RAS 





Write command hold time 


3 


Write command hold time referenced to RAS 
Write command pulse width 

Write command to RAS lead time 

Write command to CAS Jead time 

Data set-up time 


z 


Data-in hold time 
Data-in hold time referenced to RAS 


ao 
c x 
oO aolo oO 
nN 
& 


Refresh period (Normal) tree | | 
Refresh period (L-ver) ter | | 
Refresh period (SL-ver) tREF 


Write command set-up time 
CAS to W delay time tcwD 
RAS to W delay time 


z 
a 
Oo 


wow 
o 


~ 
E 
= fos] 
Oo ol 





tRWD 
Column address to W delay time tawo | 48 Passa 
CAS set-up time (CAS-before-RAS refresh) tesa | 10 aed 10 





CAS hold time(CAS-before-RAS refresh) 
RAS to CAS precharge time 

CAS precharge time (C-B-R counter test cycle) 
Access time from CAS precharge 

Hyper Page cycle time 


15 





af 


8 
= = 


_ 
— jae ina [fa 
nlo;o|;)o 





ao 


Hyper Page read-modify-write cycle time 


=] 
a 


oo a fo 
Fs QO io} 
mo) 
RO 
s 
oS 
S 
= 
box] 


i<e] 
oOo; oa 


RAS pulse width (Hyper Page Cycle) 

CAS precharge time (Hyper Page Cycle) tcp 
RAS hold time from CAS precharge 

OE access time 


S 


~y 


Ss 
3 
o 
fos] 


| 
a 


2 
an 








3 
a 


P 


= ~ ~ 


De) 
Ss 
r— 











o> 
a 
= of 
oO 
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AC CHARACTERISTICS (Continued) 


_ ee a 


OE to data delay tOED 


eS ae 
Output buffer turn off delay time from OE | tOEZ 3 ee 
OE command hold time torH | 13 | of asf of wo] 
Write command set-up time (test mode in) twTs 10 | ff toy sf to] 
Write command hold time (test mode in) twTH 10 | fol] to] | ns 
Wto RAS precharge time(C-B-R refresh) twre | 10 4} 8} — 
10 


W to RAS hold time(C-B-R refresh) twrH | 10 tof | 

Output data hold time tDOH 5 | 5 | as 
Output buffer turn off delay from RAS tREZ 3 13 | 3] 20| ns | 7,15 
Output buffer turn off delay from W twez 3 | a31 3] ts] 3] 2] 31 20; ns 7 


W to data delay twED 15 | | 5] | wo] | +) ons 


OE to CAS hold time pee BU el Slic. c/a =e) i ane 
CAS hold time to OE tCHO 5 5 . 65 
OE precharge time toEP 5 5 5 


W pulse width (Hyper Page Cycle) twee | 5 Es obs eS et fee | 
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KM44C1004C/CL/CSL CMOS DRAM 
TEST MODE CYCLE (Note.12) 
a) 6 7 -8 
Parameter Symbol —- Units | Notes 
Min; Max | Min| Max | Min| Max | Min| Max 
Random read or write cycle time tRC 95 115 135 155 ns 
Read-modify-write cycle time _trwc | 138 160; 190 210 Lam 
Access time from RAS tRAC 65 [7 85| ns | 34,11 
Access time from CAS tcac 20 25 25| ns | 3,4,5 
Access time from column address tAA 35 40 45) ns 3,11 
RAS pulse width __|_ tras a 55 65 | 10,000| 75 | 10,000) 85 10,000| ns 
| CAS pulse width {cas 13 15 | 10,000} 20 el 25 |- 10,000} ns 
RAS hold time rsh | 18 20 25 25 ns 
CAS hold time tcsH | 43 - 60 55 65 ns 
Column address to RAS lead time tRAL 30 35 | — 40 45 ns 
_ | CAS to W delay time towo | 41 45 55 55 ns 8 
RAS to W delay time trwo | 78 90 105 | 15 R ns 8 
Column address to W delay time tawo | 53 60 | 70 | | _ns 8 
Hyper Page cycle time tHPC 25 29 li 34 39 ns 
Hyper Page read-modify-write cycle time tprwc| 67 78 93 103 ns 
RAS pulse width (Hyper Page Cycle) trasP | 55 | 200,000] 65 | 200,000} 75 | 200,000) 85 | 200,000; ns 
"| Access time from CAS precharge {CPA | | asl | 40 45 50| ns 3 
OE access time tOEA a a a 20 25 25| ns 
OE to data delay | toco | 18| | 20 25 25 ns 
OE command hold time toeH | | 20 25 25 ns 
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NOTES 


1. 


An initial pause of 200s is required after power-up 
followed by any 8 CAS-before-RAS or RAS-only 
Refresh cycles before proper device operation is 
achieved. 


. Vin(min) and Vit(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and Vit(max) are 
assumed to be 5ns for all inputs, except thpc and 
tHPRWC. 


. Measured with a load equivalent to 2 TTL loads 


and 100pF, 


. Operation within the trcD(max) limit insures that 


trRac(max) can be met. trcp(max) is specified as a 
reference point only. If tkcp is greater than the 
specified trcp(max) limit, then access time is 
controlled exclusively by tcac. 


. Assumes that tRcp > tRcb (max). 
. tar, twer, toHR are referenced to trap(max). 
. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to VoH or VOL. 


. twos, tRwp, tcwp and tawo are non restrictive 


operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs > 
twcs(min) the cycle is an early write cycle and the 
data out pin will remain high impedance for the 
duration of the cycle. If tewo>tcwp(min), trwo> 
trwo(min) and tawo>tawp(min), then the cycle is a 


10. 


11. 


12. 
13. 


14. 


15. 


16. 


read-modify-write cycle and the data output will 
contain the data read from the selected address. If 
neither of the above conditions are satisfied, the 
condition of the data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read 


cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the trao(max) limit insures that 
tRAc(max) can be met. traDd(max) is specified as a 
reference point only. If trap is greater than the 
specified traD(max) limit, then access time is 
controlled by taa. 

These specifications are applied in the test mode. 

In test mode read cycle, the value of trac, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

tcEz(max), tREz(max), toEz(max) and twez(max) define 
the time at which the output achieves the open cir- 
cuit condition and are not referenced to output volt- 
age level. 

If RAS goes to high before CAS high going, the 
open circuit condition of the output is achieved by » 
CAS high going. If CAS goes to high before RAS 
high going, the open circuit condition of the output 
is achieved by RAS high going. 

tasc 2 tcP min, Assume tT=2.0ns. 
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TIMING DIAGRAMS 


READ CYCLE 
tre 
tras tae 
RAS Va = tar 
Vi 
a trsH lone 
CAS 


wy ° VLA 


tasr 
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Vu — ZV 
QE or at ns 
trap i 
tacs 






RRR sicitne 
TE ROKK BKK 
| toca _| tceEz 


teuz 


We DON’T CARE 
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TIMING DIAGRAMS 6(continueg) 
WRITE CYCLE (EARLY CYCLE) 


tac 


t 
[a tr nF 


RAS tar 
‘orp ‘ tcrP 
Vi XXX x aera _ ae a 
== 
A wer KY coum XXX LYNX 
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OF me WON NAN nanennane 


_ VYVYVYV 
in — XIX, acBilas DRE REBREES DE 
—————t 
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WRITE CYCLE (OE CONTROLLED WRITE) 


tre 
t 
tras ul 
Vin 
RAS tar 
Vi 
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a) ee ap 
= * yl. Nooo yY 7 


AL 


<< 


tasr t 
traH 


Vie — WY YVYVYY VY YYY YY YY YY YY YY YY 
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tra 
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KY DON'T CARE . 
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TIMING DIAGRAMS £( continue) 
READ-MODIFY-WRITE CYCLE 


tap 
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Vin 
ae 

Z 
me ROK Rom DED conn DO OKA) 
tayg == tawL 

ae fie tcwo : — aes aoe 

ahs a ee KOK 
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teiz 


HYPER PAGE READ CYCLE 









tRASP tRP 
ViH — tRHCP 
RAS Vi — taR 
torP 17 ae 
viH — \/\ V/V ; 
CAS Gi xX) tRAD = tCas 
taSR fy tCAH | I tREZ 
— | 
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TIMING DIAGRAMS (continued) 
HYPER PAGE WRITE CYCLE (EARLY WRITE) 





trasp 


tore 
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HYPER PAGE READ AND WRITE MIXED CYCLE 


tRASP poise 
Vin — READ(tCAC) { READ(tCPA) } WRITE i READ(tAA) 
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TIMING DIAGRAMS (continued) 
HIDDEN REFRESH CYCLE (READ) 


ms) 
On 
< 
> 
| 
ik 
Pu 
a) 
S 





A / 


Vin Es XxX — (RY Bic ae ee XX) 
se — SGOT nob Bs DOM SHES TRS 


A 


> 





trap 


tres 





=| 


We = REX KY 


NOOK 


tREZ 





toac tcEz 


: trac 
Vou ~ | [tax : 


HIDDEN REFRESH CYCLE (WRITE) 
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TIMING DIAGRAMS (continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE=Don't Care 














©, ML nits DIK IRI 


CAS-BEFORE-RAS REFRESH CYCLE 
Note: OE, Address=Don't Care 
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TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE tae 
Vv — 


RAS 7 b tras 
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TIMING DIAGRAMS 6 continued) 


TEST MODE IN CYCLE 
Note: OE, Address: Don’t Care 


trec 


top 


Pes 


= Vin YY VVY 

De ie OOOO 
tCEZ 

pa,-pa, Yor ~ N 


TEST MODE DESCRIPTION 


The KM44C1004C/CL/CSL is the RAM organized 1, 
048,576 words by 4 bit, it is internally organized 524, 
288 words by 8 bits. In "Test Mode", data are written 
into 8 sectors in parallel and retrieved the same way. 
Column address bit Ao is not used. If, upon reading, two 
bits on one I/O pin are equal (all "1"s or "O"s) the I/O pin 
indicates a "1". If they were not equal, the I/O pin would 
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Ke DON'T CARE 


indicate a "0". In "Test Mode", the 1M x 4 DRAM can be 
tested as if it were a 512K x 4 DRAM. W, CAS-BEFORE- 
RAS Cycle (Test Mode in Cycle) puts the device into 
"Test Mode". And "CAS-BEFORE-RAS REFRESH 
CYCLE" or "RAS-only Refresh Cycle" puts it back into 
"Normal Mode". The "Test Mode" function reduces test 
time (1/2 in cases of N test pattern). 
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DEVICE OPERATION 


The KM44C1004C/CL/CSL contains 4,194,304 memory 
locations. Twenty address bit are required to address a 
particular 4-bit word in the memory array. Since the 
KM44C1004C/CL/CSL has only 10 address input pins, 
time multiplexed addressing is used to input 10 row 
(Ao~Ag) and 10 column(Ao~As) address. The multiplexing 
is controlled by the timing relationship between the row 
address strobe(RAS), the column address strobe(CAS), 
and the valid row and column address inputs. 


Operating of the KM44C1004C/CL/CSL begins by 
strobing in a valid row address with RAS while CAS 
remains high. Then the address on the 10 address input 
pins(Ao~Ag) is changed from a row address to a column 
address and is strobed in by CAS. This is the beginning 
of any KM44C1004C/CL/CSL cycle in which a memory 
location is accessed. The specific type of cycle is 
determined by the state of the write enable pin and 
various timing relationships. The cycle is terminated 
when both RAS and CAS have returned to the high 
state. Another cycle can be initiated after RAS remains 
high tong enough to satisfy the RAS precharge time(trP) 
requirement. 


RAS and CAS Timing 

The minimum RAS and CAS pulse widths are specified 
by tras(min) and tcas(min) respectively. These minimum 
pulse widths must be satisfied for proper device 
operation and data integrity. Once a cycle is initiated by 
bringing RAS low, it must not be aborted prior to 
satisfying the minimum RAS and CAS pulse widths. In 
addition, a new cycle must not begin until the minimum 
RAS precharge time, trp, has been satisfied. Once a 
cycle begins, internal clocks and other circuits within the 
KM44C1004C/CL/CSL begin a complex sequence of 
events. If the sequence is broken by violating minimum 
timing requirements, loss of data integrity can occur. 


Read 

A read cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CAS cycle. The access time 
is normally specified with respect to the falling edge of 
RAS. But the access time also depends on the falling 
edge of CAS and on the valid column address transition. 
If CAS goes low before trcp(max) and if the column 
address is valid before tRac(max), then the access time 
to valid data is specified by trac(min). However, if CAS 
goes low after tacp(max), access is specified by tcac or 
taa. In order to achieve the minimum access time, trac 
(min), it is necessary to meet both trcp(max) and trad 
(max). The KM44C1004C/CL/CSL has common data I/O 
pins. The this reason an output enable contro! input(OE) 
has been provided so the output buffer can be precisely 
controlled. For data to appear at the outputs, OE must 
be low for the period of time defined by toEa and toez. 


Write 

The KM44C1004C/CL/CSL can perform early write, late 
write and read-modify-write cycles. The difference 
between these cycles is in the state of data-out and is 
determined by the timing relationship between W, OE 
and CAS. In any type of write cycle, Data-in must be 
valid at or before the falling edge of W or CAS, 
whichever is later. 


Early Write: An early write cycle is performed by bringing 
W low before CAS. The data at the data input pins is 
written into the addressed memory cells. Throughout the 
early write cycle the output remains inthe Hi-Z state. In 
the early write cycle the output buffers remain in the 
three state regardless of the state of the OE input. 


Read-Modify-Write: \n this cycle, valid data from the 
addressed cell appears at the output before and during 
the time that data is being written into the same cell 
location. This cycle is achieved by bringing W low after 
CAS and meeting the data sheet read-modify-write 
cycle timing requirements. This cycle requires using a 
separate 1/O to avoid bus contention. 


Late Write: \f W is brought low after CAS, a late write 
cycle will occur. The late write cycle is very similar to the 
read-modify-write cycle except that the timing 
parameters, tRwD, tcwp and tawo, are not necessarily 
met. The state of date-out is indeterminate since the 
output can be either Hi-Z or contain data depending on 
the timing conditions. This cycle requires a separate |/O 
to avoid bus contention. 


Data Output 

The KM44C1004C/CL/CSL has a three-state output 
buffer which is controlled by RAS, CAS and OE. When 
RAS and CAS go high(Vin) or OE goes high (Vin), the 
outputs are in the high impedance state. In any cycle in 
which valid data appears at the output, the output goes 
into the low impedance state in a time specified by tciz 
after the falling edge of CAS. Invalid data may be 
present at the output during the time after tcLz and 
before the valid data appears at the output. The timing 
parameters tcac, tRac and taa specify when the valid 
data will be present at the output. The valid data at the 
output cannot be eliminated by CAS rising only and it 
remains until both RAS and CAS returns high. This is 
true even if a new RAS cycle occurs(as in hidden 
refresh). Each of the KM44C1004C/CL/CSL opeyating 
cycles is listed below after the corresponding output 
state produced by the cycle. 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, EDO Mode Read, EDO Mode Read-Modify- 
Write. 
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DEVICE OPERATION Continued) 


Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page with EDO Mode Write, CAS-before-RAS Refresh, 
OE controlled write. 


Indeterminate Output State: Delayed Write (tcwp or two 
are not met) 


Refresh 

The data in the KM44C1004C/CL/CSL is stored on a 
tiny capacitor within each memory cell. Due to leakage 
the data may leak off after a period of time. To maintain 
data integrity it is necessary to refresh each of the rows 
every 16/128/256ms. There are several ways to 
accomplish this. 


RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CAS remains high. This cycle 
must be repeated for each row. 


CAS-before-RAS Refresh: The KM44C1004C/CL/CSL 
has CAS-before-RAS on-chip refresh capability that 
eliminates the need for external refresh addresses. If 
CAS is held low for the specified set up time (tcsr) 
before RAS goes low, the on-chip refresh circuitry is 
enabled. An internal refresh operation automatically 
occurs. The refresh address is supplied by the on-chip 
refresh address counter which is then internally 
incremented in preparation for the next CAS-before- 
RAS refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be 


performed while maintaining the latest valid data at the - 


output by extending the CAS active time and cycling 
RAS. The KM44C1004C/CL/CSL hidden refresh cycle is 
actually a CAS-before-RAS refresh cycle within an 
extended read cycle. The refresh row address is 
provided by the on-chip refresh address counter. 


Other Refresh Methods: It is also possible to refresh the 
KM44C1004C/CL/CSL by using read, write or read- 
modify-write cycles. Whenever a row is accessed, all the 
cells in that row are automatically refreshed. There are 
certain applications in which it might be advantageous 
to perform refresh in this manner but in general RAS- 


only or CAS-before-RAS refresh is the preferred method. 


Fast Page Mode with Extended Data Out 

Fast page mode provides high speed read, write or 
read-modify-write access to all memory cells within a 
selected row. These cycles may be mixed in any order. 
A fast page mode cycle begins with a normal cycle. 
Then, while RAS is kept low to maintain the CAS is 
cycled to strobe in additional column addresses. This 


eliminates the time required to set up and strobe 
sequential row addresses for the same page. 


CAS-before-RAS Refresh Counter Test Cycle 

A special timing sequence using the CAS-before-RAS 
counter test cycle provides a convenient method of 
verifying the functionality of the CAS-before-RAS refresh 
activated circuitry. 


After the CAS-before-RAS refresh operation, is CAS 
goes high and then low again while RAS is held low, the 
read and write operations are enabled. 


This is shown in the CAS-before-RAS counter test cycle 
timing diagram. A memory cell be addressed with 10 
row address bits and 10 column address bits defined as 


follows: 


Row Address — Bits Ao through Ag are supplied by the 
on-chip refresh counter. 


Column Address — Bits Ao through Ag are supplied by 
the falling edge of CAS as in a normal memory cycle. 


Suggested CAS-before-RAS Counter Test 


Procedure 

The CAS-before-RAS refresh counter test cycle timing is 

used in each of the following steps; 

1. Initialize the internal refresh counter by performing 8 
CAS-before-RAS cycles. 

2. Write a test pattern of "lows" into the memory cells at 
a single column address and 1024 row address. 

(The row addresses are supplied by the on-chip 
refresh counter). 

3. Using read-modify-write cycle, read the "lows" 
written during step 2 and write "highs" into the same 
memory locations. Perform this step 1024 times so — 
that highs are written into the 1024 memory cells. 

4. Read the "highs" written during step 3. 

5. Complement the test pattern and repeat steps 2,3 
and 4. 


Power-up 

If RAS=Vss during power-up, the KM44C1004C/ 
CL/CSL could possibly begin an active cycle. This 
condition results in higher than necessary current 
demands from the power supply during power-up. It is 
recommended that RAS and CAS track with Vcc during 
power-up or be held at a valid VIH in order to minimize 
the power-up current. An initial pause of 200 “sec is 
required after power-up followed by any 8 initialization 
cycles before proper device operation is assured. Eight 
initialization cycles are also required after any 16(L-ver: 


128, SL-ver:256) msec period in which there are no RAS 
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DEVICE OPERATION (Continued) 


cycles. An initialization cycle is any cycle in which RAS 
is cycled. 


Termination 

The lines from the TTL driver circuits to the 
KM44C1004C/CL/CSL inputs act like unterminated 
transmission lines resulting in significant overshoot and 
undershoot at the inputs. To minimize overshoot it is 
advisable to terminate the input lines and to keep them 
as short as possible. Although either series or parallel 
termination may be used, series termination is generally 
recommended since it is simple and draws no additional 
power. It consists of a resistor in series with the input 
line placed close to the KM44C1004C/CL/CSL input pin. 
The optimum value depends on the board layout. It 
‘must be determined experimentally and is usually in the 
range of 20 to 40 ohms. 


Board Layout 

It is important to lay out the power and ground lines on 
memory boards in such a way that switching transient 
effects are minimized. the recommended methods are 
gridded power and ground lines or separate power and 
ground planes. The power and ground lines act like 
transmission lines to the high frequency transients 
generated by DRAMS. The impedance is minimized if all 
the power supply traces to all the DRAMS run both 
horizontally and vertically and are connected at each 


PACKAGE DIMENSIONS 


20-LEAD PLASTIC DUAL IN-LINE PACKAGE 


0.962 (24.43) 





intersection or better yet if power and ground planes are 
used. 


Decoupling 
The importance of proper decoupling can not be over 
emphasized. Excessive transient noise or voltage droop 
on the Vcc line can cause loss of data integrity(soft 
errors). It is recommended that the total combined 
voltage changes over time in the Vcc to Vss voltage 
(measured at the device pins) should not exceed 500mvV. 


A high frequency 0.1 “F ceramic decoupling capacitor 
should be connected between the Vcc and ground pins 
of each KM44C1004C/CL/CSL using the shortest 
possible traces. These capacitors act as a low 
impedance shunt for the high frequency switching 
transients generated by the KM44C1004C/CL/CSL and 
they supply much of the current used by the 
KM44C1004C/CL/CSL during cycling. 


In addition, a large tantalum capacitor with a value of 
47uF to 100“F should be used for bulk decoupling to 
recharge the 0.14#F capacitors between cycles, thereby 
reducing power line droop. The bulk decoupling 
capacitor meet the power grid or power plane. Even 
better results may be achieved by distributing more than 
one tantalum capacitor around the memory array. 


Units: Inches (Millimeters) 








0.972 (24.69) 















0° ~ 10° 











300 (7.62) “| 





0.293 (7.44) 
0.325 (8.26) 





0.279 (7.08) 














0.135 (0.43) 


0.145 (3.68) 





fh 




























| 
0.100 (2.54) | | 0.016 (0.41) | | 0.035 (0.89) 
TYP 'T 9,024 (0.61) 0.055 (1.40) 






0.015 (0.38) 
MIN 
0.009 (0.23) 
0.013 (0.33) 
cre (4.65) 
MAX 


0.115 (2.92) 
MIN 






0.050 (1.27) 
MAX 
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PACKAGE DIMENSIONS Ccontinuea) 
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


0.027 (0.69) 
| MIN 













0.305 (7.75) 
0.260 (6.60) 
0.275 (6.98) 
0.330 (8.38) 
0.340 (8.64) 
0.008 (0.20) 
0.012 (0.30) 






0.295 (7.49) 





0.670 (17.02) 
0.680 (17.27) 


| | 0.128 (3.25) 
0.145 (3.68) 












0.004 (0.1) 


0.050 (1.27) 0.015 (0.38) 0.026 (0.66) 
TYP 0.021 (0.53) 0.032 (0.81). : 
0.050 (1.27) 
MAX 


‘20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 


1.025(26.04) 
1.035(26.29) 


0.113(2.87) 
0.120(3.05) 

















afi © 
0 | «0 ve 
fe 
| 0 S 
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ro) 

0.009(0.23) 

0.013(0.33) 

0.100(2.54) | 0.100(2.54) 

MIN TYP 
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PACKAGE DIMENSIONS (continued) 
20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (Il) (Forward and Reverse Type) 
Units: Inches (millimeters) 


0.03 (0.80) 










0.298 (7.57) 
0.302 (7.67) 
0.367 (9.32) 


0.324(8.22) 
0.359 (9.12) 





0.671 (17.04) 
"0.679 (17.24) 


0.039 (1.0) 
0.047 (1.20) 


0.005 (0.13) 
0.008 (0.20) 





Se ES OTT 
Elemee)] CHAHAE—AHHHHD 
0.048 (1.22) | 0.012 (0.30) | 
0.052 (1.32) 0.020 (0.50) 
0.016 (0.40). | 
0.024 (0.60) 








ELECTRONICS 


KM41V4000C/CL/CLL 


CMOS DRAM 





4M x1 Bit CMOS Dynamic RAM with Fast Page Mode 
FEATURES 


¢ Performance range: 







KM41V4000C/CL/CLL-6 
KM41V4000C/CL/CLL-7 
KM41V4000C/CL/CLL-8 








130ns | 








¢ Fast Page Mode operation 
* Self Refresh operation (LL-version) 
« CAS-before-RAS refresh capability 
+ RAS-only and hidden refresh capability 
- Fast parallel test mode capability 
¢ TTL compatible inputs and outputs 
* Common I/O using early write 
¢ Single + 3.3V + 0.3V power supply | 
- Refresh Cycle 
— 1024 cycle/16ms (Normal) 
— 1024 cycle/128ms (L-version) 
— 1024 cycle/128ms (LL-version) 
* Power Dissipation 
— Standby: 3.6mW(Nomal) 
0.18 mW(L-version) 
0.18mW(LL-version) 
— Active (60/70/80ns):220/200/180mW 
« JEDEC standard pinout 


* Available in plastic SOJ, ZIP and TSOP II packages 


FUNCTIONAL BLOCK DIAGRAM 


CONTROL & 
CLOCK 


a A 










Ao 








ADDRESS BUFFERS 
ROW DECODER 


A10 







‘REFRESH CONTROL & 
ai ADDRESS COUNTER 


COLUMN DECODER 
SENSE AMPS & I/O 


MEMORY ARRAY 
4,194,304 CELLS 


GENERAL DESCRIPTION 


The Samsung KM41V4000C/CL/CLL is a high speed 
CMOS 4,194,304 bitx 1 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as mainframes and mini computers, 
graphics and high performance microprocessor 
systems. 


The KM41V4000C/CL/CLL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. 


CAS-before-RAS refresh capabillity provides on-chip 
auto refresh as an alternative to RAS-only Refresh. All 
inputs and output. are fully TTL compatible. 


The KM41V4000C/CL/CLL is fabricated using 
Samsung's advanced CMOS process. 















—— Vppd 


——— Vss 
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PIN CONFIGURATION (Top Views) 


* KM41V4000CU/CLJ/CLLJ- + KM41V4000C2Z/CLZ/CLLZ * KM41V4000CT/CLT/CLLT 











Address Inputs 
Data Out 
Read/Write Input 
Row Address Strobe 
CAS “| Column Address Strobe | 
Vpp j ROMer (+3.3V) 
Ground 
































No Connection - 
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KM41V4000C/CL/CLL | CMOS DRAM 
ABSOLUTE MAXIMUM RATINGS* 


ee eRe oO on Any Pin Relative to Vss - 0.5~Vop + 0.5 


| Voltage on Voo Supply Relative to Ves on Vop Supply Relative to Vsg -0.5~4.6 


Storage Temperature anata ~ 55 to + 150 
Power Dissipation 
Short Circuit Output Current ee 


* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab- 
solute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta =0 to 70°C) 


ie ee 


A eee ee a 
Input High Voitage Vop + 0.3 
Input Low Voltage 0.8 


DC AND OPERATING CHARACTERISTICS (0°C<T,<70°C, Von = 3.3V + 0.3V) 


Recommended operating conditions unless otherwise noted) _ 

































































































































Parameter Symbol | Min | Max | Unit 
Opernting Current® KM41V4000C/CL/CLL-6 
FAS CAS Address Cycling @trc=min.) KM41V4000C/CLICLL-7 
nS young LL KM41V4000C/CL/CLL-8 50 | mA 
— = tp} 
| Standby Current (RAS=CAS=W=Vih) L loce 1 mA 
rma | 
: ta KM41V4000C/CL/CLL-6 60 mA 
ae, death enigesnins KM41V4000C/CL/CLL-7 |  !ccs 55 | mA 
(CAS=Vih, RAS, Address Cycling @trc=min. KM41V4000C/CL/CLL-8 i 50 | mA | 
za 
* KM41V4000C/CL/CLL-6 45 mA 
GES ao peri Crake oes KM41V4000C/CL/CLL-7 loca 40 | mA 
( IL ress Cycling @tec=min.) KM41V4000C/CL/CLL-8 | 35 | mA 
— = —r = 
KM41V4000C 500 | #A 
PIS- CASAL an 2 KM41V4000CL Iocs 100 | 2A. 
(RAS=CAS=W=Vo0-0.2V) KM41V4000CLL ! 100 | #A 
FAS. > RAS * KM41V4000C/CL/CLL-6 60 mA | 
GAS GW EES Cvcling Gace KM41V4000C/CL/CLL-7 | — !ccs 55 | mA 
(RAS an ycling @tre=min.) KM41V4000C/CL/CLL-8 50 | mA 
Battery Back Up Current ar [ 
Average Power Supply Current, 
Battery Back Up Mode, 
Input High Voltage(ViH)=Vpp-0.2V KM41V4000CL Icc7 200 uA 
Input Low Voltage (Vit)=0.2V % 
CAS=CAS-Before-RAS Cycling or 0.2V 
Din=Don't Care Tac=125(L-ver) «S 
TRAS=TRAS min~300ns 4 [ 
Seif Refresh Current ie 
RAS=CAS=VIL KM41V4000CLL Iccs 150 | #A 
D=W=Ao~A10=D=Vpp-0.2V or 0.2V 
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DC AND OPERATING CHARACTERISTICS continued) 
Parameter Symbol . Min | Max | Unit 


Input Leakage Current 
(Any input 0<Vin<Vpp+0.3V, all other pins not under test=0V) 


Output Leakge Current low 10 A 
-|(Data out is disabled, OV <Vout< Vop) a ae 10} 28 





hu) -10 10 HA 
































{Output High Voltage Level (loH=-2mA) VOH | 2.4 : Vv 
— 
Output Low Voltage Level (loL=2mA) VoL - 0.4 V 


* Note: icc1, Icc3, Icca and Icce are dependent on output loading and cycle rates. Specified: value are obtained with the 
output open. Icc is specified as average current. Icc1, Icc3, Icce, Address can be changed maximun two times while 
RAS=ViL. Icc4, Address can be canged maximun once during a Fast Page Mode Cycle. 


CAPACITANCE 1a=25°c, voo=3.3V, f=1MHz) 





Input Capacitance(Ao-A10,D) 
Input Capacitance(RAS, CAS, W) 











output Capacitance(Q) 





AC CHARACTERISTICS (0°c<tTa<70°C, Vcc=5.0V-+10%, See notes 1,2) 



















































































Ad -7 -8 
i t 
Parameter Symbol Min] Max | Min) Max | Min| Max Unit | Notes 
Random read or write cycle time tRC 110 130 150 se ns 
a an hoe 
Read-modify-write cycle time trwc 130 | 1 55] 175 ns 
Access time from RAS tRAC 60 {| 70 | = 80 | ns | 3.411 
Access time from CAS | teac 15 [_ 20 20) ns | 3,45 
Access time from column address taA 30 | 35 40 ns 3,11 
{CAS to output in Low-Z | taiz 0 0} oh 0; | ns | 3 
| Output buffer turn-off delay __| torr 0 | 0 20 | 0 2] ns | 7 4 
Transition time(rise and fall) i} tT 3 50 | 3 50 3| 50 ns 2 oa 
| RAS precharge time trP 40 50| | 60 | | ns | | 
RAS pulse width ‘| tras 60} 10,000 ua 10,000 jee 10,000 ns 
RAS hold time tRSH 15 Ty 20 20 ns 
| CAS hold time | tCSH 60 | 70 | {| 80 Wes ei oie _ 
CAS pulse width tcas 15} 10,000 peel el 20 10,000 | ns = 
RAS to CAS delay time | taco 20 45 | 20 50 | 20 60 | ns 4 
RAS to column address delay time tRAD 15 30 | 15. 35 iz 15 es 40 | ns 11 I 
CAS to RAS precharge time _[ tone 5 a 5 + 5 ns = 
ited address set-up time tASR 0 Ol 0 ns os 
Row address hold time [tea | 10 10 10] ns 
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AC CHARACTERISTICS (continues 


-6 -7 -8 





























































































































Parameter Symbol Min| Max Min) Max Min | hans | Unit | Notes 

| Column address set-up time | _tasc = 0 bn — _0| ns_ | 
Column address hold time - tCAH 1 5} 15 Es ih ns | 
Column address hold time referenced to RAS | taR | 55 60 | ns 6 
Column address to RAS lead time | tRAL {| 35) 40 |_ns | 
Read command set-up time tRCS 0 0 ns 

| Read command hold referenced to CAS . tRCH | A 0 a | __ns ea 9 
Read command hold referenced to RAS | tRRH | 0} 0 | ns 9 
Write command hold time twCH 15 15 kt ns 
Write command hold referenced to RAS twcr | 55 60 _ | ns 6 
Write command pulse width twe | 15 | | [ 15 i feed 
Write command to RAS lead time tRWL 20 20 ns 
Write command to CAS lead time tcwL 20 20 ns 
Data-in set-up time tos 0 a 0 [ons | 10 

| Data-in hold time {DH 15] [15] “ns | 10 

| Data-in hold referenced to RAS tDHR 1 55 60 ns 6 
Refresh period (1024 cycles) tREF 16 16 16 ms 
Refresh period (L/LL-version) tREF 128 128 128 | ms 
Write command set-up time twcs 0 0 ns 8 
CAS to Write enable delay tcwo 20 20 ns 8 
RAS to Write enable delay tRWD 70 80 _|_ns 8 
Column address to W delay time tawD 35 40 ns 8 
CAS setup tinte (CAS-before-RAS cycle) tcsR 10] 10 “a ns_| 
CAS hold time(CAS-before-RAS refresh) tCHR 15 | | 15 | _[_ ns 
RAS precharge to CAS hold time tRPC 5 5 | ns 
CAS precharge (C-B-R counter test) tcPT 25) 30 ns 
Access time from CAS precharge tCPA 35 | 40 | e 45 ns 3 
Fast page mode cycle time tec 45 | 50 | ns} 

| CAS precharge time(fast page mode) tcp 10 10 ns 
RAS hold time from CAS precharge | tence 40) 45 ns 
Fast page mode read-modify-write tPRWC 70 7 ns 
RAS pulse width (fast page mode) LL, tRASP 200,000 70 / 200,000 80} 200,000 ns 
Write command set-up time (test mode in) 1 twTs | tol. | 40 ns 
Write command hold time (test mode in) — tWTH 10 10 ns | 
W to RAS precharge time(C-B-R refresh) | twaP 10 10 ns 
W to RAS hold time(C-B-R refresh) twRH . 10 10 | ns 
RAS pulse width (C-B-R self refresh) {PASS | 100 100 us 13 

-| RAS precharge time (C-B-R self refresh) T tres 130] 150 ns 13 

CAS hold time (C-B-R self refresh) tous 50; -50 | ns ig: 
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TEST MODE CYCLE 


(Note. 12) 


ft | 5] | 95] | ts5| Ts | 
two | 195] | 160] | to] fs | 
fimo | || || ns_| 94.11 
Access time from CAS ltcac | =| =o] | | 
Access time from column address ae ea ee 


Parameter 


Random read or write cycle time 





Read-modify-write cycle time 
Access time from RAS 








Oo 




















RAS puise with s | 65] 10,000 10,000 10,000 
CAS pulse width ts | 201 10,000 | 10,000 10,000 
RAS hold time 

CAS hold time 

Column address to RAS lead time 

















= to write enable delay 





Column address to W delay time 


Fast mode cycle time eee 
Fast page modered-modify-write [tere | 65 
RAS pulse width(fast page mode) | trasp | 65, 


Access time from CAS precharge pee Tt 


















NOTES 


1. 


An initial pause of 200us is required after power- 


up followed by and 8 CBR or ROR cycles before 


proper device operation is achieved. 


the cycle is an early write cycle and the data out- 
put will remain high impedance for the duration of 
the cycle. If tewo>town(min), tawo>tawo(min) and 


2. Vin(min) and Vi(max) are reference levels for meas- tawo2 tawo(min), then the cycle is a read-write cycle 
uring timing of input signals. Transition times are and the data output will contain the data read from 
measured between Vix(min) and V\,(max) and are the selected address. If neither of the above con- 
assumed to be 5ns for all inputs. ditions are satisfied, the condition of the data out 

3. Measured with a load equivalent to 1TTL load and is indeterminate. 

100pF, and Voh=2.0V, Vol=0.8V 9. Either tach or tary Must be scistied for a read 

4. Operation within the tacp(max) limit insures that cycle. 
trac(Max) can be met. tacp(max) is specified as a 10. These parameters are referenced to the CAS lead- 
reference point only. If taco is greater than the ing edge in early write cycles and to the W leading 
specified tacp(max) limit, then access time is con- edge in read-write cycles. 
trolled exclusively by tcac. 11. Operation within the tran(max) limit insures that 

5. Assumes that trcp>tacp(max). trac(max) can be met. tran(max) is specified as a 

6. tar, twor, tour are referenced to trap(max). reference point only. If trap is greater than the 

7. This parameter defines the time at which the out- specified trap(max) limit, then access time is con- 
put achieves the open circuit condition and is not trolled by tas. 
referenced to Vox or Vor. 12. These specifications are applied in the test mode. 

8. twcs, trwo, tewo and tawo are non restrictive operat- 13. 1024 cycle of Burst Refresh must be executed 


ing parameters. They are included in the data sheet 
as electrical characteristics only. If twcs> twcs(min) 


within 16ms before and after self refresh, in order to 
meet refresh specification 
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TIMING DIAGRAMS 














tasr 


READ CYCLE 
tre 
{RAS 
me taa 
Vit— 
tap 
tRSH igo 
: tcas 
aa Vin— - 
CAS Vit— 


> 


Q 


WRITE CYCLE (EARLY WRITE) 


RAS 


oO 
n 


> 





Vin— OX) ROW —| OY COLUMN “WAXXXXXKXXXKRKKKKK KKK KK KKK 
Vit- iY C scpaces YY { aobaess p ROKK X HY 
tRRH 


tRCH 
















Vv In— \/ XXKAX KKK XX XXX ¥ XXXK KKK XK 
Vie RRR RY tan RY 
tRac toFF 
[>—teiz 
Or OPEN 
VoL— 


Vin— 


Mie taR 
= : 

tcrP 

Vie ee 3 
Vir— ‘NO 
| 
[ay {CAH 
Ls 















Vit— AK) ROW i XX) COLUMN XXX KXAKKXKXKAKX X XXX XX xX XX) 
We OR. avoress PROWR REDRESS DARREL 









OOK 
OY 








Vv IH XXX KXKX twp OXXKXKKXK KKK KX XXX XKKXKXXKKKKKKK KK X 
vii— YYQRYYY cl RRO OY 
: fae | aan ae 
el Ree 
tos ~— tbH 
Ving KK KK KKK UX KKK KKK KKK RRA / XX ARK KKK XXX 
Vi QQ ATA __ RRR IIRC 
toHR 
VoH— 
VoL OPEN 


EX] con't CARE 
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TIMING DIAG RAMS (Continued) 


READ-WRITE/READ-MODIFY-WRITE CYCLE 


D 
>| 
(ee 


Q 
> 
a 


> 


S| 


trwe 





tras 


ViH~ taR 
Vit— N : 
trp 
aaa =< 








Vin— 

ViL— —_—tasr 

ViH— XXX VA/ xX YYKX xX XXX 
mn Ne os ONTO 








aS 





\/ \/ 
Vie OORT | 
tcac ; twp toFF 
tcLz 
VoH— Oe VALID 
Vou— aoe XW) DATA y 
trac tos toH . 


Vv EKKO 9,9, 4% 450%" aK W475 VY, 
BN ED OE 


LAAAAL 


Vite SRP ROY 


FAST PAGE MODE READ CYCLE 


| 


ms) 
> 
n 


Si 


a tRasP 





tcas 





tasr i 
Vir— &) aa KNX KX taal XX 
ie on Yh 285 OYE RK, PTE YK 800) 


torr 





RY Oe 8 Or 


V/V/V VY 
RORY 















Viq— tez M4 VALID AL 
He oF ROOK + RN 
trcs se tRRH 
tres tRCH ae 
Vin— eX) ON 
Vit— OX ) 


RO DON'T CARE 
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TIMING DIAGRAMS (Continueq) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 




















































































ers ViIq— trasp 
RAS Vie . ma, \ 
tcsH trsH-———4 
tcrp ins tcas cP 
5 ow \ a Nee a 
hos tar tasc tasc )—— trac} 
; tasr traH | tasc tCaH tCAH tCAH 
vie— Row ~\AXX’ ) COL KX’ COL Ay 
}-~— trab 5 
twcr t es t twcH 
ees WCS wcs ee 
vi TTA | RRR 
vn a aN NN CGNN 
tos — : ton | tos tbH 
Vin— v,9,9, wy wy ri te Ah aa a 1 
ea 050) ED RY 
VoH— 
Q ae OPEN 


RX DON’T CARE 
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TIMING DIAGRAMS (continued) 
FAST PAGE MODE READ-WRITE CYCLE 

















































































































~ ——— s tras —| |-trp 
RAS . 
IL 
pete, {csSH j}-—-——-trRSH 
tprawc-—_—| 
SORE | hs taco tcas top HisH| eres 
| tcas——+ 
CAS - \\ // 
IL - 
tRAL 4] 
tasr sia nee aa | PASC KCan | 
Vin - i, VAN 9, ARIK KV VV VY 
ve Rom 20° RIK cor noo HAAN cox 400 DARN COL 400 HER ARN 
ae |tcwo tcwp tcwo . 
tcwL CWL 
> tawo-— g tawo-— po) tone —tAWD——} 
trcs t= tRWL +4 
a Vin - AAKAAAMAAKYY VV 
OOK KX XY (A? 
7 Vit - YY i) OX 
twe twp twp 
‘a trwD- — |. 
tbH toH 
tos i Lit tox tps——- 
LL 
D VI - YYKX XY XXX YY XXX) VALID YY XYXY ALID “YY YX KX ALIDA/ YYYXKK KKK) 
vs ASSN AN IDM ORTE IODA RERANCH RIUM ADCO DONNA 
tcLz 
-“ teLz fo te.z--+— 
r tcac tcac eel 
f——taa taa-j—-— taa—p—- 
tRAC tcpA—t—+ topa 
Vou - rR) R) X) 
ae is EE en), on 
torr torr = torr 








seseges| DON’t CARE 
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_ TIMING DIAGRAMS <‘continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, D, Aio= Don’t Care 





tac 


tRAS 


RAS Vin— 
Vit— 
tasr tra ie 
Vin— TKK KOK _-— VEOCCECCOSECCESESECCC ECO ENC CONE 
: Vi RRO, Row aooress KAS RRR RK RIN 


Vit— 
tcrp trPc: 
VoH— 


Vor— 


CAS BEFORE RAS REFRESH CYCLE 
Note: D, Address =Don’t Care 


Q OPEN 








trp trp 





ARS . 7 tras 
top tRec 
: Vin — -— 
wey a REIN 
twrH 
y>— Lt YVYYVVYY YVV Ver VV AY, 
We RRR RY RRR 
torr ‘ 
Q Vou — 
) OPEN 


Vor — 


CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-ver only) 
Note: Address=Don’t Care 










































RAS 7 
paaen Vin — TIN INIT IY 
une Vi — £\ VOY YY a 
w % ~ REXXXKXXXKKX YY OMCOL AAO a 
v Vi — QO QOOOQQDQXKXYYD OOQOQOOOOKXYY 
ey torr ; 
Oe RRR OPEN 


ROY DON’T CARE 


PEnmsunig — 
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TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 


trc. 





a 








Vin—| 
Vir— 


torp tRSH tcHR 
t on —| 
[= RCD —L 
Vin— : 
CAS Vit— 


trap tT tea + | 
| [tan_| | ! | 

















ToT 

















tase tRAH lake {CAH 
c 
Vin— A/YY /Y/ YYW VA)AA/A)AAAAAAA/A/VNAAAA/VYY/VY/VV VY 
A 1 RXRRK absress AK ROEREES DRI a RR RRC) 












> 
a 
a 







a Vin— KAKAKIYAAKAWVV WA A//VA KYA VY YVV Y/Y VY 
w Vn RY RR 





L tise Le 


RAC 
ie : \ 
VALID DATA 
. Vo.r— Vy \ ) 
terz 


HIDDEN REFRESH CYCLE (WRITE) 





















































= tre —_— 
[. tras | tap —| —— tras —| 
RAS ViH— Fs 
Vit— 
torp-—+— trcep —— {RSH bane 
ie 
| [+ tar 
| t—-—— trap 
tas} [tRAH | tasc 
Vin— A VAVATAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVaravanasvavavAvararavavararays 
ve f _ESERES HREKR SNARK KR RRR 
—_ twor | 
| ae ed ee 1 | twrH | 
twp 
Vinp— AVWASA AAA AA AAA?7 UV V¥ KAA YVVYAVVYYVYWYY®YVWV°VVY 
1 RXR TAY RR RK 
toH 





Vipn— AAAA/ASAAAAAAA/SY MAAJSYAAAA)A\AAAAAAA/AAAYVY¥ YYWVY/JY 
0 RR, vatio vara KIX RY 
VoH— ee tour | 


VoL— 





PEN 


ee pic CARE 
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TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 





tras 

















ARS ViH— tRsH 
‘ibs tcsr 
° : | 
; Vii— ; 
Vip— Y “XK | ae — AXXXKXXXKKXKKKK KKK KX X Y 
A Vim RRR. _ ADDRESS HERR 1) 
tcac 
READ CYCLE ah 4 
TAA torr 
Vin— Y\/ 
- avon 


twrp 





touz [ tRRH 
ot Vin— YAY YXNKS RY XXYKXYY he RX YX "4 
” Vit— QOQQY OOK x YX AX 












































tRCH 
WRITE CYCLE 
- DA trench 
tRWL 
twrp: twRH a ‘ow 
w Vi RY ROR te oT LARRRRRXRRRRRRRR KERR 
w Vit— x YY XXX XS a a XKXX OOOO KD 
Vipn— YYASYAAYYYAAY YYYYY YYY A VAAA/SYAA/YY YYSAAKAX X \/ 
° Va RRR RRR VALID DATA RRR RK 
READ-WRITE CYCLE 
torr 
ee eee ee 
Lt va {\ 
tAA tcwL—4 
twre| | twrH | || fan = 
Vin— YYVKAKGQ YY AAAYY XXX AAAAAAAAA A? 
w Vin OXY ROY nce LOOKER 
tcwo awe 
Vin— YYYWYLYAAYYYYVWIYrAY KY PYYYJYY$YYPJrYPYPYYYX¥PYXPY®YW(JY? I AA AAY YVYYVYYYVYVY VYYYWY#YVY¥YYv“v_Y 
= Va RRR RII AKL VALIO DATA IEW RR 
tos T ton 


Nag DON’T CARE 
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TIMING DIAGRAMS (continued) 


TEST MODE IN CYCLE 
NOTE: D, Address=Don't Care 


CMOS DRAM 


tac 








——— Vin— 
RAS 
~  VIL— trec 
tcp tcsr 
ema ial 
he Vin— Fe 
Vit— 
twTs ‘ect 
= Vin— LXXX YX XXXX) 
vm ORY 
torr 
Q VoH— 
Vot— 
TEST MODE DESCRIPTION 


The KM41V4000C/CL/CLL is the RAM organized 4, 
194,304 words by 1 bit it is internally organized 524, 
288 words by 8 bits. In “Test Mode", data are written 
into 8 sectors in parallel and retrieved the same way. 
Column address bit Ao and Ato are not used. If, upon 


reading, all bits are equal (all "1" or "O"s), the data — 


output pin indicates a "1"If any of the bits differed the 
data output pin would indicate a "0". In "Test Mode", 
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V, KXKKYY Y 


AY 


(XXX 
AY 


tRAS tre 


(\ (\ ‘\ XXX KX X OXXKK KKK KY XXX) 
KX YY 


, ARN 
.0,0.0,0,0. 0.0, KX KX XXX 


Oy AK AX RAXXYY) 


TIRES 
LK SKA ARYAN 


OPEN 


XKXY DON’T CARE 


the 4M DRAM can be tested as if it were a 512K 
DRAM. W, CAS-Before-RAS Cycle (Test Mode in Cycle) 
puts the device into "Test Mode", And "CAS-Before- 
RAS Resfresh Cycle" or "RAS-only-Refresh Cycle" 
puts it back into "Normal Mode". During the test mode 
operation, a WCBR cycle is used to perform refresh. 
The "Test Mode" function reduces test time(1/8 in 
cases of N test pattern.) 
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DEVICE OPERATION 


Device Operation 

The KM41V4000C/CL/CLL contains 4,194,304 memory 
locations. Twenty-two address bits are required to 
address a particular memory location. Since the 
KM41V4000C/CL/CLL has only 11 address input pints, 
time multiplexed addressing is used to input 11 row and 
11 column addresses. The multiplexing is controlled by 
the timing relationship between the row address strobe 
(RAS), the column adress strobe(CAS) and the valid 
row and column address inputs. 


Operating of the KM41V4000C/CL/CLL begins by 
strobing in valid row address with RAS while CAS 
remains high. Then the address on the 11 address 
input pins is changed from a row address to a column 
address and is strobed in by CAS. This is the beginning 
of any KM41V4000C/CL/CLL cycle in which a memory 
location is accessed. The specific type of cycle is deter- 
mined by the state of the write enable pin and various 
timing relationships. The cycle is terminated when both 
RAS and CAS have returned to the high state. Another 
cycle can be initiated after RAS remains high long 
enough to satisfy the RAS precharge time(tre) require- 
ment. 


RAS and CAS Timing 

The minimum RAS and CAS pulse widths are specified 
by tras(min) and tcas(min) respecitively. These mini- 
mum pulse widths must be satisfied for proper device 
Operation and data integrity. Once a cycle is initiated by 
bringing RAS low, it must not be aborted prior to satisfy- 
ing the minimum RAS and CAS pulse widths. In addi- 
tion, a new cycle must not begin until the minimum RAS 
precharge time, trp, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM41V4000C/CL/CLL begin a complex sequence of 
events. If the sequence is broken by violating minimum 
timing requirements, loss of data integrity can occur. 


Read 

A read cycle is achieved by maintaining the write 
enable input(W) high during a RAS/CAS cycle. If CAS 
goes low before trcp(max), the access time to valid 
data is specified by trac(min). If CAS goes low after 
trcp(max), the access time is measured from CAS and 
is specified by tcac. In order to achieve the minmum 
access time, trac(min), it is necessary to bring CAS low 
before tacD(max). 


Write 

The KM41V4000C/CL/CLL can perform early write, late 
write and read-modify-write cycles. The difference 
between these cycles is in the state of data-out and is 
determined by the timing relationship between W and 
CAS. In any type of write cycle, Data-in must be valid at 


or before the falling edge of W or CAS, whichever is 
later. 


Early Write: An early write cycle is performed by bring- 
ing W low before CAS. The data at the data input pin 
(D) is written into the addressed memory cell. 
Throughout the early write cycle the output remains in 
the Hi-Z state. The cycle is good for common I/O appli- 
cations because the data-in and data-out pins may be 
tied together without bus contention. 


Read-Modify-Write: In this cycle, valid data from the 
addressed cell appears at the output before and during 
the time that data is being written into the same cell 
location. This cycle is achieved by bringing W low after 
CAS and meeting the data sheet read-modify-write 
cycle timing requirements. This cycle requires using a 
separate I/O to avoid bus contention. 


Late Write: If W is brought low after CAS, a late write 
cycle will occur. The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, tRwp, tcwD and tawb, are not necessarily 
met. The state of date-out is indeterminate since the 
output can be either Hi-Z or contain data depending on 
the timing conditions. This cycle requires a separate I/O 
to avoid bus contention. 


Data Output 

The KM41V4000C/CL/CLL has three-state output 
buffer which are controlled by CAS. Whenever CAS is 
high(Vin), the output is in the high impedance (Hi-Z) 
state. In any cycle in which valid data appears at the 
output, goes into the low impedance state in a time 
specified by tciz after the falling edge of CAS, Invalid 
data may be present at the output during the time after 
tcLz and before the valid data appears at the output. 
The timing parameters tcac, trac and taa specify when 
the valid data will be present at the putput. The valid 
data remains at the output until CAS returns high. This 
is true even if anew RAS cycle-occurs (as in hidden 
refresh). Each of the KM41V4000C/CL/CLL operating 
cycles is listed below after the corresponding outout 
state produced by the cycle. 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode 
Read-Modify-Write. 


Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, CAS-before-RAS Refresh, CAS-only 
cycle. 


Indeterminate Output State: Delayed Write 


Refresh 
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DEVICE OPERATION (continue) 


The data in the KM41V4000C/CL/CLL is stored on a 
tiny capacitor within each memory cell. Due to leakage 
the data may leak off after a period of time. To maintain 
data integrity it is necessary to refresh each of the rows 
every 16(L,LL-ver:128ms). There are several ways to 
accomplish this. 


RAS-Only Refresh: This is the most common method 
for performing refresh. It is performed by strobing in a 
row address with RAS while CAS remains high. This 
cycle must be repeated for each row. 


CAS-before-RAS Refresh: The KM41V4000C/CL/CLL 
has CAS-before-RAS on-chip refresh capability that 
eliminates the need for external refresh addresses. If 
CAS input is held low for the specified set up time 
(tcsR) before RAS goes low, the on-chip refresh circuit- 


ry is enabled. An internal refresh operation auto-mati- . 


cally occurs. The refresh address is supplied by the on- 
chip refresh address counter which-is then internally 
incremented in preparation for the next CAS-before- 
RAS refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be per- 
formed while maintaining the latest valid data at the 
output by extending the CAS active time and cycling 
RAS. The KM41V4000C/CL/CLL hidden refresh cycle 
is actually a CAS-before-RAS refresh cycle within an 
extended read cycle. The refresh row address is provid- 
ed by the on-chip refresh address counter. 


Self Refresh : The self refresh is CAS-before-RAS 
refresh to be used for long periods of standby, such as 
al battery back-up. In nomal CAS-befoerd-RAS cond- 
tion, when RAS is held low above 100 s an internal 
timer activates an refresh operation of consecutive row 
addersses in DRAM. The self refresh mode is exited 
when either RAS of CAS goes high(Vix). 


Other Refresh Methods: It is also possible to refresh the 
KM41V4000C/CL/CLL by using read, write or read- 
modify write cycles. Whenever a row is accessed, all 
the cells in that row are automatically refreshed. There 


are certain applications in which it might be advanta- — 


geous to perform refresh in this manner but in general 
RAS-only or CAS-before-RAS refresh is the preferred 
method. 


Fast Page Mode 

The KM41V4000C/CL/CLL has Fast page mode capa- 
bility. Fast page mode memory cycles provides faster 
access and lower power dissipation than normal memo- 
ry cycles. In Fast page mode, it is possible to perform 
read, write or read-modify-write cyclels. As long as the 


applicable timing requirements are observed, it is possi- 
ble to mix these cycles in any order. A fast page mode 
cycle begins with a normal cycle. Then, while RAS is 
kept low to maintain the CAS is cycled to strobe in addi- 
tional column addresses. This eliminates the time 
required to set up and strobe sequential row addresses 
for the same page. Up to 2048 memory ceils can be 
accessed with the same row address. 


CAS-before-RAS Refresh Counter Test Cycle 
A special timing sequence using the CAS-before-RAS 
counter test cycle provides a convenient method of ver- 
ifying the functionality of the CAS-before-RAS refresh 
activated circuitry. 


After the CAS-before-RAS refresh operation, is CAS 
goes high and then low again while RAS is held tow, 
the read and write operations are enabled. 


This is shown in the CAS-before-RAS counter test 
cycle timingy diagram. A memory cell can be 
addressed with 11 row address bits and 11 column 
address bits defined as follows: 


Row Address- Bits Ao through Ag are supplied by the 
on-chip refresh counter. This A1o bit is set high 
interally. 


Column Address-Bits Ao through A1o are strobed -in by 
the falling edge of CAS as in a normal memory cycle. 


Suggested CAS-before-RAS counter 

Test Procedure 

The CAS-before-RAS refresh counter test cycle timing 
is used in each of the following steps: 


1. Initialize the internal refresh counter by perfoming 
8CAS-before-RAS cycles. 

2. Write a test patten of “lows"into the memory cells at 
a single column address and 1024 row address. 
(The row addresses are supplied by the on-chip 
refresh counter). 

3. Using read-modify-write cycles, read the “lows” writ- 
ten during step 2 and write “highs” into the same 
memory locations. Perform this step 1024 times so 
that highs are written into the 1024 memory cells. 

. Read the “highs” written during step 3. 

5. Complement the test pattern and repeat steps 2, 3 

and 4. 


a 


Power-up 
If RAS=Vss during power-up,the KM41V4000C/CL/CLL 
could begin an active cycle. This condition results in 
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DEVICE OPERATION (continue) 


higher than necessary current demands from the power 
supply during power-up. It is recommended that RAS 
and CAS track with Vcc during power-up or be held at 
a valid ViH in order to minimize the power-up current. 
An initial pause of 200 «sec is required after power-up 
followed by any 8 RAS cycles before proper device 
operation is assured. Eight initialization cycles are also 
required after any 16 msec period in which there are no 
RAS cycles. An initialization cycle is any cycle in which 
RAS is cycled. 


Termination 


The lines from the TTL driver circuits to the 
KM41V4000C/CL/CLL inputs act like unterninated 
transmission lines resulting in significant overshoot and 
undershoot at the inputs. To minimize overshoot it is 
advisable to terminate the input lines and to keep them 
as short as possible. Although either series or parallel 
temination may be used,series temination is generally 
recommended since it is simple and draws on addition- 
al power. It consists of a resistor in series with the input 
line placed close to the KM41V4000C/CL/CLL input pin. 
The optimum value depends on the board layout. It 
must be determined experimentally and is usually in the 
range of 20 to 40 ohms. 


Board Layout 

It is important to lay out the power and ground lines on 
memory boards in such a way that switching trnsinent 
effects are minimized. The recommended methods are 
gridded power and ground lines or separate power and 
ground planes. The power and ground lines act like: 


transmission lines to the high frequency transients gen- 
erated by DRAMS. The impedance is minimized if all 
the power supply traces to all the DRAMS run both hor- 
izontally and vertically and are connected at each inter- 
section or better yet if power and ground planes are 
used. 


Decoupling 

The importance of proper decoupling can not be over 
emphasized. Excessive transient noise or voltage 
droop on the Vcc line can cause loss of data integrity 
(soft errors). It is recommended that the total combined 
voltage changes over time in the Vcc to Vss voltage 
(measured at the device pins) should not exceed 
500mv. 


A high frequency 0.1 «F ceramic decoupling capacitor 
should be connected between the Vcc and ground pins 
of each KM41V4000C/CL/CLL using the shortest possi- 
ble’ traces. These capacitors act as a low impedance 
shunt for the high frequency switching transients gener- 
ated by the KM41V4000C/CL/CLL and they sypply 
much of the current used by the KM41V4000C/CL/CLL 
during cycling. 


In anddition, a large tantalum capacitor with a value of 
47uF to 100%F capacitors between cycles. thereby 
reducing power ling droop. The bulk decoupling capaci- 
tor should be placed near the point where the power 
traces meet the power grid or power plane. Even better 
results may be achieved by distributing more than one 
tantalum capacitor around the memory array. 
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CMOS DRAM 


KM41V4000C/CL/CLL 





PACKAGE DIMENSIONS 
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD 


Units: Inches (millimeters) 


0.027 (0.69) 
MIN 













0.012 (0.30) 





0.295 (7.49) 
0.305 (7.75) 
0.260 (6.60) 
0.275 (6.98) 
0.330 (8.38) 
0.340 (8.64) 
0.008 (0.20) 












0.128 (3.25) 
0.145 (3.68) 





a 





0.670 (17.02) 
0.680 (17.27) 


















0.004 (0.1) 
0.050 (1.27) 0.015 (0.38) 0.026 
TYP 0.021 (0.53) 0.032 
0.050 (1.27) 


(0.66) 
(0.81) 
MAX 





20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 


1.025(26.04) 0.113(2.87) 
’ 1.035(26.29) 0.120(3.05) 
C 
















0.325(8.26) 
0.335(8.51) 
0.400(10.16) 





0.009(0.23) 
0.013(0.33) 





0.100(2.54) | 0.100(2.54) 
MIN TYP 
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KM41V4000C/CL/CLL CMOS DRAM 





PACKAGE DIMENSIONS (Continued) : 
20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (Il) (Forward and Reverse Type) 


Units: Inches (millimeters) 


0.03 (0.80) 












0.298 (7.57) 
0.302 (7.67) 
0.324(8.22) 

0.359 (9.12) 
0.367 (9.32) 





0.671 (17.04) 
0.679 (17.24) 


0.039 (1.0) 
0.047 (1.20) 


0.005 (0.13) 
0.008 (0.20) 





Fy ee) 
Sas fas heres fa Bae Rs 
0.048 (1.22) | | 0.012 (0.30) 
0.052 (1.32) 0.020 (0.50) 
, 0.016 (0.40) 
0.024 (0.60) 


IQ _ 0.003 (0.08) 
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KM44V1000C/CL/CLL 


CMOS DRAM 





_ 1M x4Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


¢ Performance range: 


Pt trac | tea | tro | 
KM44V1000C/CL/CLL-6 | 60ns | 15ns | 110ns | 


KM44V1000C/CL/CLL-7 
KM44V1000C/CL/CLL-8 


¢ Fast Page Mode operation 


« Self. Refresh operation (LL-version) 
« CAS-before-RAS refresh capability 
« RAS-only and hidden refresh capability 
« Fast parallel test mode capability. 
* TTL compatible inputs and output 
* Early write or output enable controlied write 
* Single + 3.3V + 0.3V power supply 
* Refresh Cycle 
— 1024 cycle/16ms (Normal) 
~—— .1024 cycle/128ms (L-version) 
— 1024 cycle/128ms (LL-version) 
* Power dissipation 
— Standby: 3.6mW (Normal) 
' 0.18mW(L-version) 
0.18mW(LL-version) 
— Active (60/70/80ns):220/200/180mW — 
« JEDEC standard pinout 
¢ Available in Plastic SOJ, DIP, ZIP and TSOP -Il 
packages 


FUNCTIONAL BLOCK DIAGRAM 


CONTROL & 
CLOCK 








92 
Zl al ow 












Ao 


ROW DECODER 





ADDRESS BUFFERS 


Ag 


REFRESH CONTROL & 
ADDRESS COUNTER 


COLUMN DECODER 
SENSE AMPS & I/O 


MEMORY ARRAY 
1,048,576 x 4 CELLS 


GENERAL DESCRIPTION 


The Samsung KM44V1000C/CL/CLL is a high speed 
CMOS 1,048,576 bit x 4 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as mainframes and mini computers, 
graphics and high performance microprocessor 
systems. 


The KM44V1000C/CL/CLL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alter native to RAS-only Refresh. All 
inputs and outputs are fully TTL compatible. 


The KM44V1000C/CL/CLL is fabricated using 
Samsung's advanced CMOS process. 









— Vss 
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KM44V1000C/CL/CLL CMOS DRAM 





PIN CONFIGURATION (Top Views) 


» KM44V1000CP/CLP/CLLP ¢ KM44V1000CJ/CLJ/CLLJ ¢ KM44V1000C2Z/CLZ/CLLZ 





° KM44V1000CT/CLT/CLLT ¢ KM44V1000CTR/CLTR/CLLTR 








Data Output Enable 





Data In/Data Out 
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KM44V1000C/CL/CLL CMOS DRAM 
ABSOLUTE MAXIMUM RATINGS* 





Voltage on Any Pin Relative to Vss - 0.5~Vpb + 0.5 








Voltage on Vop Supply Relative to Vss -0.5~4.6 








Storage Temperature — 55 to +150 





‘Power Dissipation 600 
Short Circuit Output Current 50 


* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab- 
solute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltages referenced to Vss, Ta=0 to 70°C) 








Supply Voltage 











Ground 





Input High Voltage 
Input Low Voitage 


DC AND OPERATING CHARACTERISTICS (o°c<T,<70°C, Vpol=3.3V +0.3V) 


(Recommended operating conditions unless otherwise noted) 











Parameter 







Symbol! | Min 


KM44V1000C/CL/CLL-6 
KM44V1000C/CL/CLL-7 
KM44V1000C/CL/CLL-8 


Operating Current* 
(RAS, CAS, Address Cycling @trc=min.) 




































Standby Current (RAS=CAS=W=Vin) Iec2 ‘ 1 mA 
RAS * KM44V1000C/CL/CLL-6 - 60 mA 
ee ee fact KM44V1000C/CLICLL-7 | !ccs | - | 55 | ma 
(CAS=Vin, RAS, Address Cycling @trc=min.) KM44/1000C/CL/CLL.8 hs oe ea 











Fast Page Mode Current* Soh taht ee iesa - 2 si 
DAG nai aW Wal . - . a 4 m. 
(RAS=ViL, CAS, Address Cycling @tec=min.) KM44V1000C/CL/CLL.8 | ° 35 A 
tandby C t KM44V1000C 4 500 BA 
FAS_CAS-W. Vpp -0.2V) KM44V1000CL Iccs _ 100 LA 
sa hd : KM44V1000CLL Oe 100 | #A 
CAS-Before-RAS Refresh Current* KM44V1000C/CL/CLL-6 - 60 


KM44V1000C/CL/CLL-7 Icceé - 55 


mA 

mA 
KM44V1 uaa wiahoaeel Lo ale mA 

— 


(RAS and CAS Cycling @trc=min.) 





Battery Back Up Current 

Average Power Supply Current, 
Battery Back Up Mode, 

Input High Voltage(ViH)=Vcc-0.2V 
Input Low Voltage(Vit)=0.2V 
CAS=CAS-Before-RAS Cycling or 0.2V 
DQ1~DQ4=Don't Care 
TrRce=125(L-ver.)“S 

TRAS=TRAS min.~300ns 


ISelf Refresh Current 
RAS=CAS=VIL 

W=OE=Ao~As=Vop-0.2V or 0.2V 
DQ1~DQ4=Vpp-0.2V or 0.2V 


ELECTRONICS 


~KM44V1000CL lcc7 - | 200 | #A 











KM44V1000CLL 




















KM44V1000C/CL/CLL | CMOS DRAM 





DC AND OPERATING CHARACTERISTICS Continued) 


Input Leakage Current 
(Any input 0<Vin< VpD+0.3V, all other pins not under test=0V) 


Output Leakge Current 
(Data out is disabled, OV< VouT< Vop ) 


Output High Voltage Level (loH=-2mA) 











Output Low Voltage Level (loL=2mA) 


* Note: Icc1, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified value are obtained with the 
output open. Icc is specified as average current. Icc1, Icc3, Icce, Address can be changed maximun two times while 
RAS=ViL. icca, Address can be canged maximun once during a fast page Mode cycle. 


CAPACITANCE 1=25°C, vo0=3.3V, f=1MHz) 


Input Capacitance(Ao-Ag) 
Input Capacitance(RAS, CAS, W,OE) 
output Capacitance(DQ1-DQ4) 


AC CHARACTERISTICS (°c <Ta<70°C, Vop=3.3V+0.3V, See notes 1,2) 


-7 -8 
P Symbol Unit | Notes 
met i 


Random read or write cycle time ea 150 ns 
Read-modify-write cycle time tRWC 185 205 ns 

















Access time from RAS tRAC 









































Access time from CAS tcac 15 

Access time from column address tAA 30 | 
Los to output in Low-Z tclz 0 0 

Output buffer turn-off delay toFF 0 15 AG 

Transition time(rise and fall) tT 3 50 a 

RAS precharge time trP 40 




















| FAS pulse width tRAS 60; 10,000 70 


RAS hold time tRSH 15 . 
CAS hold time tCSH 60 70 


























CAS pulse width tCAS 15 1 20} 10,000°} 20} 10,000 mal | 
RAS to CAS delay time tRCD 20| 45] 20 50 60 

















RAS to column address delay time tRAD 1 at 15 35 
CAS to RAS precharge time a 5 6) 

Row address set-up time taSR 0 0 0 ns 
Row address hold time tRAH 10 |_ 10 me 10 | 


— FR 
aAlaloe 
oS 
— 
a> 7,53 |S 
nino 
aren iS 


















































Column address set-up time ‘ tasc 0 Ale 0 0 ns | 
| Column address hold time {CAH 10 15 15 ns 

t Column address hold time referenced to RAS tar 45 55 60 ns ig 6 
Column address to RAS lead time {RAL 30 35 40 “ns | 
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KM44V1000C/CL/CLL CMOS DRAM 





AC CHARACTERISTICS (Continued) 


6 -7 8 
Parameter Symbol 7} Unit | Notes 





Read command set-up time {RCS 























































































































Read command hold referenced to CAS | tec 0 0 ns 9 
Read command hold referenced to RAS tRRH 0 0 ns 9 
Write command hold time tWCH 15 15 | | ns | | 
Write command hold referenced to RAS twcr 55 60 ns 6 
| write command pulse width twp 15 15 ns 
Write command to RAS lead time tRWL 20 20 ns 
Write command to CAS lead time tCwL 20 20 ns | 
Data-inset-up time | tDs 0 0 ns 10 
[Dann hold time tDH 15 15 ns 10 | 
Data-in hold time referenced to RAS tDHR 55 60 ns 6 
Refresh period (1024 cycles) tREF 16 16 | eos 16 ms | 
Refresh period (L-version/LL-version, 1024 cycles) tREF 128 128 128 ms 
Write command set-up time twcs 0 0 ns 8 
CAS to write enable delay tcwo 40 ns 8 
RAS to write enable delay tRWD | a5| |. 100] 110 ns 8 





Column address to W delay time wo | 5] | 65] | mo] | os | 8 
CAS setup time (CAS-before-RAS cycle) tcsr | tof =| 10 10 ns 
















































































































































































CAS hold time(CAS-before-RAS refresh) tCHR 15 15 ns 
| RAS precharge to CAS hold time 5 (eee ae eee ae ns 

CAS precharge time (C-B-R counter test) tcPT 25 | 30 ns | 
ee 7 all : a 
[Aocess time from CAS precharge | toe 35 40 45 | ns 3 
| Fast page mode cycle time tPc 45 50 ns 

CAS precharge time(Fast page mode) . tcp a 0 | 10 ns | 

RAS hold time from CAS precharge tRHCP 40| 45 ns 

Fast page mode read-modify-write tPRWC 95 100 ns 

Petre lt 

RAS pulse width(Fast Page Mode) tRASP 200,000 70; 200,000 80 | 200,000 ns 

Write command set-up time (test mode in) twTs 10 10 ns 

Write command hold time (test mode in) twtH 10 | 10 ns 

W to RAS precharge time(C-B-R refresh) twrRP 10 10 ns 
lw to RAS hold time(C-B-R refresh) tWRH 10 10 ns I 
| RAS hold time referenced to OE tROH 20 20 ns 

OE access time tOEA 15 | 20 20 | ns 

OE to data delay toED 20 20 ns 

Output buffer turn off delay time from OF tOEz 15 0 20 0 20 | ns 

OE command hold time tOEH 20 20 ns 

RAS pulse with(C-B-R self refresh) {RASS | my 100 US 13 
Lag precharge time (C-B-R self refresh) trPs 130 150 ns | 13 

CAS hold time (C-B-R seff refesh) tcHs -50 -50 ns 13 
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KM44V1000C/CL/CLL 3 | CMOS DRAM 





TEST MODE CYCLE (Note.12) 

















| a ae ee ee a 
symre'| Min | Max | Min [Max | Min [Max 
Random read or write cycle time tre | 115 135 | sf ts] ons | 
tewe_| 160 to] {ato} fs | 










Access time from RAS tRAC 
Access time from CAS 
Access time from column address 












CAS hold time 


Column address to RAS lead time 





















CAS to write enable delay 
RAS to write enable delay tRWD 
Colurnn address to W delay time 








Fast mode cycle time 












Fast page mode read-modefy-write 
RAS pulse width(Fast page mode) 


Access time from CAS precharge tCPA 
Oeste 


OE to data delay 


OE command hold time 


















BI 

=> 

io} 

a 

~ 

3 

D 

5 

wn 

2 

for) 

ple] 

HH 
= | 90 














NOTES 
1. An initial pause of 200us is required after power- the cycle is an early write cycle and the data out- 
up followed by and 8 CBR or ROR cycles before put will remain high impedance for the duration of 
proper device operation is achieved. the cycle. If tcowo>tcewo(min), tawo2tawo(min) and 
2. Vin(min) and V\(max) are reference levels for meas- _  tawo2tawn(min), then the cycle is a read-write cycle 
uring timing of input signals. Transition times are and the data output will contain the data read from 
measured between Vin(min) and Vi(max) and are the selected address. If neither of the above con- 
assumed to be 5ns for all inputs. ditions are satisfied, the condition of the data out 
3. Measured with a load equivalent to 1TTL load and is indeterminate. 
100pF, and Voh=2.0V, Vol=0.8V 9. Either tach or tary must be satisfied for a read 
4. Operation within the tacp(max) limit: insures that cycle. 
trac(max) can be met. trcp(max) is specified as a 10. These parameters are referenced to the CAS lead- 
reference point only. If taco is greater than the ing edge in early write cycles and to the W leading 
specified taco(max) limit, then access time is con- edge in read-write cycles. 
trolled exclusively by tcac. 11. Operation within the trap(max) limit insures that 
5. Assumes that tacp> trcp(max). trac(max) can be met. tran(max) is specified as a . 
6. tar, twor, tour are referenced to trap(max). reference point only. If tran is greater than the 
7. This parameter defines the time at which the out- specified trap(max) limit, then access time is con- 
put achieves the open circuit condition and is not ‘trolled by taa. : 
referenced to Vox or Vo. 12. These specifications are applied in the test mode. 
8. twcs, tawo, tewo and tawo are non restrictive operat- 13. 1024 cycle of Burst Refresh must be executed 
ing parameters. They are included in the data sheet within 16ms before and after self refresh, in order to 
as electrical characteristics only. If twos> twcs(min) meet refresh specification 
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KM44V1000C/CL/CLL CMOS DRAM 





TIMING DIAGRAMS 








READ CYCLE 
Vig— tras trp 
ane es tar 
Qe 
Vit— Yd 
wee Tas ET 
vn SUPRA FRA Sou WRI RIOR RRM) 
A Vie XOX RBBRess WX SERED WAHIAWA NIRA) 
. ae tRCH , \ 
va RRR | —TRRRYERERIRRURRURRE 
w OO cs ON Ouins 
TAA 






AV VYYWJYWYW@J¥®¥¥Y®@WYW{™=YWYJVYW®WYY¥ WYWYW®#VW@WW#VW7@#WY##JY 


torr 


A 


oan H- ~VYWYVYVWVYWIWVVPPVW¥Y/V YY$ VY PYPSYVYV 
TE nT IRR ARR 
tcac 


tRAC 


VoH— m| 
DQ1-DQ4 Ven _—— OPEN (XXX VALID DATA-OUT } 
LZ : . 


tc 


WRITE CYCLE (EARLY WRITE) 
























































——— ViH— 
RAS ve 
trop tRSH 
— Vines tcas coal 
CAS Vi- }-—tRAD 
tasR +H tRaH sae tcAH —~ 
Vip— AYVV WIIVVVV VI/VV WIVYVVV 
vn OR Maoomessyk//)K_cotumn anoress KYA AX AX KK 
es twcH 
- Vin— YIYYVVVVVVVV0 twp “aVaVavavaVatavaVavaVavavavalavalaavavavavsva¥. 
w View YY BY YK RR 
twcr te 
a towL a onl 
as Vie— PAA AAAIVVIAIVVVVVV VWVVYVVVVYVVVVVJVVVAVJ/V VY YWVV YVVVYYVVYVVYVVVYVY 
re SYA ALAN RY YY LY KYA N 
|._______ tbHR : 
tos tbH 


Viq— VY sv, V, V Y YY Y YY 
. RY DON’T CARE 
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KM44V1000C/CL/CLL 


CMOS DRAM 





TIMING DIAGRAMS (continuea) 
WRITE CYCLE (OE CONTROLLED WRITE) 


CAS 


=| 


DQ1-DQ4 


ViH— 
Vii— 


Vin— 
Vit— 





























_—— me tro 
L tras ae trp 
tar 
tcsH ay 

tcrP © z 

4 trop tRSH + — 

Me creates f_/ 
trap 

tasR tRAH tRaL | 


tCAH 





Viq— ee oF 
Ve XXX RXR RI 
toeH 

VIH~ FIVYVYVVVVVVVVVVVY 9,749, 

vi REXXXXEX OY win 
toH 

Vip— 

Vit— 








vavavavavs¥.0,0aVa¥a ava vaVavavaVaVa¥.VaVAV AV AV AVAVAY, 
NKR 


Vin— V/V/V UV AAAS VV VV VV VAY V VV/ 
Van KORN BSBhess KX SERS _ KAR 


tawL————4 


AXXO 


OX KXXRNY 


iY 


YY 


CIR vatio oatain WAYMAN AA 


READ-MODIFY-WRITE CYCLE 


RAS 


CAS 


=! 


DQ;-DQ4 


tRWC 








tRAS 


















































ViH— tin 
Vit— 
pene tcre 
Vin— E 
aa E pal 
tasr tCAH 
—_ LT 
Vip— AD ROW by .) ) PV AAAAA VAY YAAASYVAAAAAAA/YV 
va MPR ADDRESS KIX Rovates DOOR i Ny 
| er ee is 
Viq— | | AAIINYVYOVV VV VV 
ae flees ofl AP SRK 
toEA : 
Vin— PITTI IIT II NITION ; 
Va LYRE | ee 
a — tRAC aa ce ne, gs 
VIIOH ~ V A VAR XIIVVVV VV VV 
ae AK oaimourp QA Satan XIN RXR YK YX 


: i DON’T CARE 
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KM44V1000C/CL/CLL CMOS DRAM 





TIMING DIAGRAMS (Continued) 
FAST PAGE MODE READ CYCLE 














trp 
trase — —— cea 

$s Vin—- tRHCP 
RAS 

Vit— 

tcrp tcrp 

Vv 
— IH— 
CAS 

Vit— 

tasR 











COLUMN XXXXKXXX/ 
pee Pa 9, 
2 






pa re alain ie 
° Vit— AX ADD J OY) t SBontss MYX) { Scones | Wy ii) 
we) [tal tl ve 


Vip— VYQWWAA7G 
wy Vit-— XY YY ini 


om] tRCH 


| NKR 







i= Vin-— RYYOUVYUVYYV VY UV “4%, KX VVVYWVYYY) YYYVVYVYVJ/VYYV 
0 Va | RON | AER IN | RRR 






aes Eas 
tc.z 
ice | torz | 
_ Chee eee 
DQ1-DQ4 Wore UX DATA-OUTS UX pata-ourl 


toFF 





OY VALID 
UX) DATA-OUT 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 












































































































































































trasp 

RAS Viq— 

Mit— 
CAS ba tcas : 

vu _—J ; a 

tcAH a 

Vin— 2 OV /V q, vay, : AN NKAK A 

; vu— YY 00. i a SBoRESS RXV AWM Aspnes WA) 
|_| 
= ax. VMV/V/YVVVYVV/VV V/IVVVV/V SA/J/VVVVVA/SY 
to RRR se — CER PE REIOS 
=  Vin—- TKK VIKA VV VV RRR YY IIYVIVVYVYVVYVV YY VVVVVYVY 
OE Vim RRR RRR KK RRR RK LIRIK 
tos | toH 

VK — IO YYWOVY OVVTVY VVa¥ Va VaVaVaVaVavatava¥, 

porno —y, _ WRAY YX nl 
















Na DON'T CARE 
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KM44V1000C/CL/CLL CMOS DRAM 


TIMING DIAGRAMS (Continued) 
FAST PAGE MODE READ-MODIFY-WRITE 











tap 
trRasP 

RAS vi 

Vii-— 

tcsH 
tprawc tRSH 
taco tcas = 
A tcas CRP 
es Vin tcas . 
CAS Vit— } 
tasR | 















Vin— (YX) Y) y, (XY \/ X) \/ 
. vi hao Ve RY an SE KR RRNON one ns 
+ t 
rl F aii 
Vin— Peas = 
w Vit—- OXY | 


Vin—- 





DQ,-DQ, VulOH — 
Viol. — 





VALID VALID VALID VALID VALID VALID KX pe LEane 
DATA-OUT _DATA-IN DATA-OUT — DATA-IN DATA-OUT DATA-IN 
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TIMING DIAGRAMS (Continued) 


RAS-ONLY REFRESH CYCLE tac 
Note: W, OE=Don’t Care 















































RAS ViH— 

Vit— 

Vit— YORIVAKRERRAD IV AAA AAA AAA AAA AAS 
A Vin XQ ORR RRR 





Vv 
DQ 1-DQ, ses () fF |\ 


CAS-BEFORE-RAS REFRESH CYCLE 


Note: OE, Address=Don’t Care 
2 pee tac 
trp tre 











RES i ~ tras 

. top torp 

Vin — _— 7 V7 
i KORY), 

y \/ AVA \4\/ \/ \/ 4 AVF \A\/ WA 
WT RRR RMN 
torr 
—_ WS SS YY SVS bere 
[OO TT RD OPEN 


CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-ver only) 
Note: OE, Address: Don’t Care 























RAS ee ~ trass ie 
om YT Pie —_s. 
eats Vin —_— Cox XXX XXX KOK al 4 / XX XX XXX \/ XXX Hh 
Ve — RRR KRY RRS 
YY ATATAWA me 
Dana, QOD OPEN 
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KM44V1000C/CL/CLL 


CMOS DRAM 





TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 






































Vot— 




















‘arr tac ——}- —— tro—. 
tras tRe ae RAS RP 
Viq— 
aS ViL— oF 
tcrp | |}. trod | tRSH tcHR 
oe _ two {NY 
| tasc + 
tasR +4 tRaH : 
Vin—- OF KY + WIV VV UV Y VV VV VV VY VY VY YY VV VV VV VY 
: wi AX FS RY soos OOOO 
. ; twre—| . 
tres tRRH 'WRH 
a Vit VAWWVYVVVG "V9 VIVVVVVVY VVVV IV 
s vm OO | FARES AARC 
os ViH— AKAMIVVYYVVVVVYVY YWIVVYVVVYVYVV VY YYWVVYVYYV/ 
BKM MOOOXKKGY BOSONIC 
DQ1-DQ4 Vou— 





— tras 


trac 





Vin— 
RAS ; tar 
Vit— 





Pai 
trp | esa 


tras 





trRsH 
tore trep esi tcHR 


ae ViH— \ 
CAS 
Vit— trap 


tasc 
tasr tRAH 

























































: Vin— SAA nowt AX TOM OTA AAV AV AAV AAV AVATAVAVAVAVAVAVAVAVAVAVAVAVAVAY, 
va SOK ESE DN ERS KKK KR RK KKK 
. | twes L |--twor —| wae mg 
Ww Vix PAAAAAKAXAA. OVVI AAI AAA AAA AAKAATINAKANY 
vie SRY AY RK) 
| | 
sr, ViH— PIII V Vn PAV Y UAJS VV YY VY YY VY SY SY V/A/V/\AV/V/Y 
FE I CR 
Vin— AAA IVY VV YVVY WALA/Y Y/Y VY 
coo RRB nome 
XX DON’T CARE 
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TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


trp 








RAS Vin-— 


Wie tRas 
‘csr tcHR tcpT tRSH 
ow - a 
a Fal 
| Vin es eel XY XXK KKK A LUMN OOORIOO IR XX OK / 
BE RRR ESBS RRR RIK 


tRRH 


kam 8 oe 

tRCH 
_ Viq— XXX YY 0 V XX ae a i 
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TIMING DIAGRAMS (continueq) 
TEST MODE IN CYCLE 
NOTE: OE, Address=Don’t Care 
tre 
tras trp 





ne: Viq— trpc 
Vit— 
top tcsr 
aaa ia ld 
pane ViH— 
CAS 
Vit— 
twTH 
ViH— XYXKXKKKXKK? 
Ww 
va KR 
torr 
Es 
DQ;-Da. ViOH — ) 
VuoL — 


TEST MODE DESCRIPTION 


_ The KM44V1000C/CL/CSL is the RAM organized 1, 
048,576 words by 4 bit internally organized 524,288 
words by 8 bits. In "Test Mode", data are written into 8 
sectors in parallel and retrieved the same way. Column 
address bit Ao is not used. If, upon reading, two bits on 
one !/O pin are equal (all "1" or "O"s) the I/O pin 
indicates a "1". If they were not equal, the I/O pin 
would indicate a "0". In "Test Mode", the 1M x 4 DRAM 


XXX) 
WY Y XxX 


VV/ 


(x) 
YY 


XX KY LEKKI KERK KKK) 
QR RR RY 


XXKKXKN) 
KYXYKX 


Xx KX 
YX Y 


TPREXETRRRRRRNRERN) 
OO KAKKXKX KAKA 


x) Ox KX 
BX XY 


() \/ 
RY 


V 
a 
OPEN 


xX] DON’T CARE 


can be tested as if it were a 512K x 4 DRAM. W, CAS- 
Before-RAS Cycle (Test Mode in Cycle) puts the device 
into "Test Mode", And "CAS-Before-RAS Refresh 
Cycle" or "RAS-only-Refresh Cycle" puts it back into 
"Normal Mode". During the test mode operation, a 


. WCBR cycle is used to perform refresh. The "Test 


Mode" function reduces test time (1/2 in cases of N 
test pattern.) 
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DEVICE OPERATION 


DEVICE OPERATION 

The KM44V1000C/CL/CLL contains 4,194,304 memory 
locations. Twenty address bits are required to address 
a particular 4-bit word in the memory array. Since the 
KM44V1000C/CL/CLL has only 10 address input pins, 
time multiplexed addressing is used to input 10 row (Ao- 
Ag) and 10 column (Ao-As) addresses. The multiplexing 
is controlled by the timing relationship between the row 
address strobe (RAS), the column adress strobe(CAS), 
and the valid row and column address inputs. 


Operating of the KM44V1000C/CL/CLL begins by 
strobing in valid row address with RAS while CAS 
remains high. Then the address on the 10 address 
input pins (Ao-As) is changed from a row address to a 
column address and is strobed in by CAS. This is the 
beginning of any KM44V1000C/CL/CLL cycle in which 
a memory location is accessed. The specific type of 
cycle is determined by the state of the write enable pin 
and various timing relationships. The cycle is terminat- 
ed when both RAS and CAS have returned to the high 
state. Another cycle can be initiated after RAS remains 
high long enough to satisfy the RAS precharge time 
(tRP) requirement. 


RAS and CAS Timing 

The minimum RAS and CAS pulse widths are specified 
by tRAs(min) and tcas(min) respecitively. These mini- 
mum pulse widths must be satisfied for proper device 
operation and data integrity. Once a cycle is initiated by 
bringing RAS low, it must not be aborted prior to satisfy- 
ing the minimum RAS and CAS pulse widths. In addi- 
tion, a new cycle must not begin until the minimum RAS 
precharge time, tap, has been satisfied. Once a cycle 
begins, internal clocks and other circuits within the 
KM44V1000C/CL/CLL begin a complex sequence of 
events. If the sequence is broken by violating minimum 
timing requirements, loss of data integrity can occur. 


Read 

A read cycle is achieved by maintaining the write 
enable input (W) high during a RAS/CAS cycle. The 
access time is normally specified with respect to the 
falling edge of RAS. But the access time also depends 
“on the falling edge of CAS and on the valid column 
address transition. 


If CAS goes low before tRcp(max) and if the column 
address is valid befor tRac(max), then the access time 
to valid data is specified by trac(min). However, if CAS 
goes low after tRcp(max), or if the column address 
bicomes valid after trap (max), access is specified by 
tcac Or taa. In order to achieve the minimum access time, 
trac(min), it is necessary to meet both tRcp(max) and 
tran(max). The KM44V1000C/CL/CLL has common data 


/O pins 

The this reason an output enable control input (OE) has 
been provided so the output buffer can be precisely 
controlled. For data to appear at the output, OE must 
be low for the period of time defined by toes and toez. 


Write 

The KM44V1000C/CL/CLL can perform early write, late 
write and read-modify-write cycles. The difference 
between these cycles is in the state of data-out and is 
determined by the timing relationship between W, OE 
and CAS. in any type of write cycle, Data-in must be 
valid at or before the falling edge of W or CAS, 
whichever is later. 


Early Write: An early write cycle is performed by bring- 
ing W low before CAS. The data at the data input pins 
is written into the addressed memory cells. Throughout 
the early write cycle the output remains in the Hi-Z 
state. In the early cycle the output buffers remain in the 
three state regardless of the state of the OE input. 


Read-Modify-Write: In this cycle, valid data from the 
addressed cell appears at the output before and during 
the time that data is being written into the same cell 
location. This cycle is achieved by bringing W tow after 
CAS and meeting the data sheet read-modify-write 
cycle timing requirements. This cycle requires using a 
separate I/O to avoid bus contention. 


Late Write: If W is brought low after CAS, a late write 
cycle will occur, The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, tawo, tcwo and tawo, are not necessarily met. — 
The state of date-out is indeterminate since the output 
can be either Hi-Z or contain datd depending on the 
timing conditions. This cycle requires a separate I/O to 
avoid bus contention. 


Data Output 

The KM44V1000C/CL/CLL has three-state output 
buffer which are controlled by CAS and OE. Whenever 
CAS and OE are high(Vin), the outputs is in the high 
impedance state. In any cycle in which valid data 
appears at the output the output goes into the low 
impedance state in a time specified by tciz after the 
falling edge of CAS, Invalid data may be present at the 
output during the time after tc.z and before the valid 
data appears at the output. The timing parameters tcac, 
trac and taa Specify when the valid data will be present 
at the output. The valid data remains at the output untill 
CAS returns high. This is true even if anew RAS cycle 
occurs (as in hidden refresh). Each of the 
KM44V1000C/CL/CLL operating cycles is listed below 
after the corresponding output state produced by the 
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DEVICE OPERATION Continued) 


cycle. 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast rage Mode 
Read-Modify-Write. 


Hi-Z Output State: Early Write, RAS-only Refresh, Fast 
Page Mode Write, CAS-before-RAS Refresh, OE con- 
- trolled write. 


Indeterminate Output State: Delayed vvtite(iote or tRwD 
are not met) 


Refresh 

The data in the KM44V1000C/CL/CLL is stored on a 
tiny capacitor within each memory cell. Due to leakage 
the data may leak off after a period of time. To maintain 
data integrity it is necessary to refresh each of the rows 
every 16 (L,LL-ver:128ms). There are several ways to 
accomplish this. 


RAS-Only Refresh: This is the most common method 
for performing refresh. It is performed by strobing in a 
row address with RAS while CAS remains high. This 
cycle must be repeated for each row. 


CAS-before-RAS Refresh: The KM44V1000C/CL/CLL 
has CAS-before-RAS on-chip refresh capability that 
eliminates the need for external refresh addresses. If 
CAS is held low for the specified set up time (tcsr) 
before RAS goes low, the on-chip refresh circuitry is 
enabled. An internal refresh operation automatically 


occurs. The refresh address is supplied by the on-chip | 


refresh address counter which is then internally incre- 
mented in preparation for the next CAS-before-RAS 
refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be per- 
formed while maintaining the latest valid data at the 
output by extending the CAS active time and cycling 
RAS. The KM44V1000C/CL/CLL hidden refresh cycle 
is actually a. CAS-before-RAS refresh cycle within an 
extended read cycle. The refresh row address is provid- 
ed by the on-chip refresh address counter. 


Other Refresh Methods: It is also possible to refresh the 
’ KM44V1000C/CL/CLL by using read, write or read- 
modify-write cycles. Whenever a row is accessed, all 
the cells in that row are automatically refreshed. There 


are certain applications in which it might be advanta- — 


geous to perform refresh in this manner but in general 
RAS-only or CAS- before- RAS refresh is the preferred 
method. 


Fast Page Mode 


Fast page mode provides high speed read, write or 
read-modify-write access to all memory cells within a 
selected row. These cycles may be mixed in any order. 
A fast page mode cycle begins with a normal cycle. 
Then, while RAS is kept low to maintain the CAS is 
cycled to strobe in additional column addresses. This 
eliminates the time requried to set up and strobe 
sequential row addresses for the same page. 


CAS-before-RAS Refresh Counter Test Cycle 
A special timing sequence using the CAS-before-RAS 
counter test cycle provides a convenient method of ver- 
ifying the functionality of the CAS-before-RAS refresh 
activated circuitry. 


After the CAS-before-RAS refresh operation, is CAS 
goes high and then low again while RAS is held low, 
the read and write operations are enabled. 


This is shown in the CAS-before-RAS counter test 
cycle timingy diagram. A memory cell can be 
addressed with 10 row address bits and 10 column 
address bits defined as follows: 


Row Adaress- Bits Ao through Ag are supplied by the 


_ on-chip refresh counter. 


Column Address-Bits Ao through Ag are supplied -in by 
the falling edge of CAS as in a normal memory cycle. 


Suggested CAS-before-RAS counter 
Test Procedure 
The CAS-before-RAS refresh counter test cycle timing 
is used in each of the following steps: 


1. Initialize the internal refresh counter by perfoming 8 
CAS-before-RAS cycles. 


‘2, Write a test pattern of “lows” into the memory cells 


at a single column address and 1024 row address. 
(The row addresses are supplied by the on-chip 
refresh counter). 

3. Using read-modify-write cycles, red the “lows” writ- 
ten during step 2 and write “highs” into the same 
memory locations. Perform this step 1024 times so. 
that highs are written into the 1024 memory cells. 

4. Read the “highs” written during step 3. : 

5. Complement the test pattern and repeat steps 2, 3 
and 4. 


Power-up 
If RAS=Vss during power-up, the KM44V1 000C/CL/CLL 
could possibly begin an active cycle. This condition 


results in higher than necessary current demands from 
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DEVICE OPERATION (continued) 


the power supply during power-up. It is recommended 
that RAS and CAS track with Vcc during power-up or 
be held at a valid Vin in order to minimize the power-up 
current. 

An initial pause of 200 “sec is required after power-up 
followed by 8 initialization cycles before proper device 
operation is assured. Eight initialization cycles are also 
required after any 16 msec period in which there are no 
RAS cycles. An initialization cycle is any cycle in which 
RAS is cycled. 


Termination 


The lines from the TTL driver circuits to the . 


KM44V1000C/CL/CLL inputs act like unterminated 
transmission lines resulting in significant overshoot and 
undershoot at the inputs. To minimize overshoot it is 
advisable to terminate the input lines and to keep them 
as short as possible. Although either series or parallel 
temination may be used,series temination is generally 
recommended since it is simple and draws no addition- 
al power. It consists of a resistor in series with the input 
line placed close to the KM44V1000C/CL/CLL input pin. 
The optimum value depends on the board layout. It 
must be determined experimentally and is usually in the 
range of 20 to 40 ohms. 


Board Layout 

It is important to lay out the power and ground lines on 
memory boards in such a way that switching transient 
effects are minimized. The recommended methods are 
gridded power and ground lines or separate power and 
ground planes. The power and ground lines act like 


PACKAGE DIMENSIONS 


20-LEAD PLASTIC DUAL IN-LINE PACKAGE 


0.962 (24.43) 





transmission lines to the high frequency transients gen- 
erated by DRAMS. The impedance is minimized if all 
the power supply traces to all the DRAMS run both hor- 
izontally and vertically and are connected at each inter- 
section or better yet if power and ground planes are 
used. 


Decoupling 

The importance of proper decoupling can not be over 
emphasized. Excessive transient noise or voltage 
droop on the Vcc line can cause loss of data integrity 
(soft errors). It is recommended that the total combined 
voltage changes over time in the Vcc to Vss voltage 
(measured at the device pins) should not exceed 
500mv. 


A high frequency 0.1 «F ceramic decoupling capacitor 
should be connected between the Vcc and ground pins 
of each KM44V1000C/CL/CLL using the shortest possi- 


ble traces. These capacitors act as a low impedance © 


shunt for the high frequency switching transients gener- 
ated by the KM44V1000C/CL/CLL and they sypply 
much of the current used by the KM44V1000C/CL/CLL 
during cycling. 


In anddition, a large tantalum capacitor with a value of 
47uF to 100%Fshould be used for bulk decoupling to 
recharge the 0.1“F capacitors between cycles, thereby 
reducing power line droop. The bulk decoupling capaci- 
tor meet the power grid or power plane. Even better 
results may be achieved by distributing more than one 
tantalum capacitor around the memory array. 


Units: Inches (Millimeters) 











0.972 (24.69) 











0° — 10° 











a 





0.293 (7.44) 
300 (7.62) 
0.325 (8.26) 





0.279 (7.08) 








0.135 (0.43) 


0.145 (3.68) 





[hs 


0.015 (0.38) 


MIN 
0.009 (0.23) 


0.013 (0.33) 



















0.100 (2.54) 
TYP 










Bi | 0.016 0.41) i! 0.035 (0.89) 
"9.024 (0.61) 0.055 (1.40) 


0.183 (4.65) 
MAX 


0.115 (2.92) 
MIN 


Q.050 (1.27) 
MAX 
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PACKAGE DIMENSIONS continued) 
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD 


Units: Inches (millimeters) 


0.027 (0.69) 
MIN 











0.260 (6.60) 
0.275 (6.98) 





0.012 (0.30) 





0.295 (7.49) 
0.305 (7.75) 
0.330 (8.38) 
0.340 (8.64) 
0.008 (0.20) 


















0.128 (3.25) 
0.145 (3.68) 












0.113(2.87) 
0.120(3.05) 
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20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 
0.009(0.23) 


1.025(26.04) 
1.035(26.29) 
Ve 
0.013(0.33) 


0.016(0.41) | i : 0.050(1.27) 0.050(1.27) 0.100(2.54) | 0.100(2.54) 
0.024(0.61) TYP MAX MIN TYP 
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PACKAGE DIMENSIONS (Continued) 
20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (uy (Forward and Reverse Type) 


Units: Inches (millimeters) 


0.03 (0.80) 















0.359 (9.12) 
0.367 (9.32) 






0.324(8.22) 


| 
| 
| 
| 
| 
| 
l 
| 
| 
0.298 rsn_| 
0.302 (7.67) 















“aS 
o|N 
0.671 (17.04) ole 
Olt 
0.679 (17.24) 9 |6 ’ 
2 0.005 (0.13) 
0.008 (0.20) 








fay 0.003 (0.08) qf Se) ot ey 


0.048 (1.22) Z L 0.012 (0.30) 
0.052 (1.32) 0.020 (0.50) 


0.016 corso) || 40) 
a es al (0.60) 
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1M x4 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES 


¢ Performance range: : 


P| trae | ten | tr | tie | 
KM44V1004C/CLICLL-6 | 60ns | 1ns | 110ns | 24ns_ 
KM44V1004C/CL/CLL-7 | 7ons | 20ns | 130ns | 
KM44V1004C/CLICLL-8 | 80ns | 20ns | 150ns | 34ns 


« Fast Page Mode with extended data out 
« Self refresh operation (LL-ver.) 
+ CAS-before-RAS refresh capability 
« RAS-only and hidden refresh capability 
¢ Fast parallel test mode capability 
¢ TTL compatible inputs and outputs 
¢ Early write or output enable controlied write 
¢ Single +3.3V+0.3V power supply 
* 1024 cycles/16ms refresh (Normal) 
¢ 1024 cycles/128ms refresh (L/LL-ver)} 
* Power dissipation 
- Standby : 3.6mW(Normal) 
0.36mW(L-ver) 
0.36mW(LL-ver) 
- Active(60/70/80) : 220/200/180mW 
¢ JEDEC standard pinout 
¢ Available in plastic DIP, SOJ, ZIP and TSOP(II) 













FUNCTIONAL BLOCK DIAGRAM 


Bee CONTROL & 
Hae = CLOCK 
WwW 


GENERAL DESCRIPTION 


The Samsung KM44V1004C/CL/CLL is a CMOS high 
speed 1,048,576x4 Dynamic Random. Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, graphics and 
high performance portable computers. 

The KM44V1004C/CL/CLL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 

The KM44V1004C/CL/CLL is fabricated using 
Samsung's advanced CMOS process. 


REFRESH CONTROL & 
a ADDRESS COUNTER 


I 


“Ao 


ADDRESS BUFFERS 
ROW DECODER 


Ag 





COLUMN DECODER 
SENSE AMPS & 1/O 


MEMORY ARRAY 
1,048,576 x 4 CELLS 
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PIN CONFIGURATION (Top Views) 


+ KM44V1004CP/CLP/CLLP + KM44V1004CJ/CLJ/CLLJ * KM44V1004CZ/CLZ/CLLZ 





* KM44V1004CT/CLT/CLLT * KM44V1004CTR/CLTR/CLLTR 











Pin Names Pin Function 






















Ao-Ag Address Inputs 

RAS Row Address Strobe 

CAS Column Address Strobe 
| W Read/Write Input 





Le) 
mi 
wea 


Data Output Enable 
DQi~DQ4 | Data In/Data Out 
Vppb Power (+3.3V) 

Vss 











Ground 
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KM44V1004C/CL/CLL CMOS DRAM 
ABSOLUTE MAXIMUM RATINGS 

Voltage on Any Pin Relative toVss -0.5~ 4.6 V 

Voltage on Vpp Supply Relative to Vss -0.5~ 4.6 Vv 

Power Dissipation | Ps 600 mW 

Short Circuit Output Current mA 





* 





Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, TA=0 to 70°C) 


Parameter — 








Supply Voltage 
Ground 


3.0 
0 


Typ Max 











Input High Voltage 
Input Low Voltage 





2.0 Vop + 0.3 
-0.3 — 0.8 





DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 


Parameter 


| Operating Current* 


(RAS and CAS Cycling @trc=min.) . 


Standby Current 
(RAS=CAS=W=Vu ) 





RAS-Only Refresh Current* 
(CAS=VinH, RAS Cycling @trc=min.) 


KM44V1004C/CL/CLL-6 
KM44V1004C/CL/CLL-7 


KM44V1004C/CL/CLL-8 


KM44V1004C 
KM44V1004CL 


KM44V1004CLL 





Icc2 





KM44V1004C/CL/CLL-6 
KM44V1004C/CL/CLL-7 
KM44V1004C/CL/CLL-8 


Icc3 





EDO Mode Current* 
(RAS=Vit, CAS, Address Cycling @tec=min.) 





KM44V1004C/CL/CLL-6 
KM44V1004C/CL/CLL-7 
KM44V1004C/CL/CLL-8 








Standby Current 





KM44V1004C 
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Ae ARE inl KM44V1004CL Iccs 100 LA 
BAS CAoe Ww veo-02y) KM44V1004CLL 100 | #A 
CAS-Before-RAS Refresh Current* Se ee oe ms 
(RAS and CAS Cycling @trc=min,) KM44V1004C/CL/CLL-7 Icce 55 mA 

tae aaa KM44V1004C/CL/CLL-8 50 | mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage (Vin)=Vpp-0.2V 
Input Low Voltage (Vi.}=0.2V KM44V1004CL Icc7 200 LA 
CAS=CAS-Before-RAS Cycling or 0.2V 
DQ1~DQ4=Don't Care tac=125us tras=tras min.~300ns _ 
Self Refresh Current 
RAS=CAS=ViL 
WeOE=Ao-As=Vop-0.2V or 0.2V KM44V1004CLL Iccs 150 BA 
DQ1~DQ4=Vpp-0.2V, 0.2V or Open 
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DC AND OPERATING CHARACTERISTICS (Continued) 


(Recommended operating conditions unless otherwise noted.) 





Parameter Symbol; Min | Max | Units 
eee renee eS er Ketel A PCa Macca 
Input Leakage Current ln) 10 10 a 


(Any input O< Vin <VpD+0.3V, all other pins not under test=0 volts.) 
- 





























Output Leakage Current 

(Data out is disabled, OV <VouT<Vpp) low) ue | ” oe 
| 

Output High Voltage Level (loH=-2mA) VOH 2.4 i Vv 

Output Low Voltage Level (loL=2mA) VoL - 0.4 V 


“NOTE: Icc1, Icc3, Icc4 and Icceé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=Vi. In Icca, Address can be changed maximum once within one Hyper Page cycle. 


CAPACITANCE (1a=25°c, Vop=3.3V, f=1MHz)) 


Input Capacitance (Ac~Ag) 
Input Capacitance (RAS, CAS, OE) 
Output Capacitance (DQi~DQs4) 



















AC CHARACTERISTICS (0°c<tTa<70°C, Vo=3.3V +0.3V, See notes 1,2) 
Test Condition : ViH/ViL=2.0V/0.8V, Voh/Vol=2.0V/0.8V, Output Loading CL=100pF 


























































































Parameter 
Random read or write cycle time 
Read-modify-write cycle time tRWC 
Access time from RAS tRAC 3,4,11 
Access time from CAS tCac 15 20 20| ns | 3,4,5 
Access time from column address tAA 30 35 40| ns 3,11 
CAS to output in Low-Z tcLz 3 3 ns 3 
OE to output in Low-Z tolz 3 3 | ns 3: 
Output buffer turn-off delay from CAS | teez 15 3 20 3 [ 20; ns | 7,14,15 
Transition time (rise and fall) tt 50 2 50 2 50} ns 2 
RAS precharge time tRP 50 60; . ns 
RAS pulse width tRAS 70 10K | 80 10K | ns 
RAS hold time tRSH 20 20 ns 
CAS hold time | tesH 60 70 | ns 
CAS pulse width tcas 10K; 20 10K | ns | 16 
RAS to CAS delay time tRCD 20 60| ns | 4 | 
RAS to column address delay time tRAD 15 40 | ns 11 
CAS to RAS precharge time 
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AC CHARACTERISTICS (continues) 


er a 























































































































































































































Row address set-up time 0 ns — 
Row address hold time tRAH 10 4 10 ns 
Column address set-up time tasc 0 0 0 ns po 
Column address hold time tCAH 10 15 15 ns 
Column address hold time referenced to RAS taR » 45 55 60 2 6 
Column address to RAS lead time tRAL 30 35 40 
Read command set-up time tRCS 0 0 ns 
Read command hold time referenced to CAS tRCH 0 ns 9 
Read command hold time referenced to RAS tRRH 0 0 ns 9 
Write command hold time tWCH 10 15 15 ns 
Write command hold time referenced to RAS twcr 45 55 60 ns 6 
Write command pulse width twp 10 15 15 ns 
Write command to RAS lead time tRWL 15 20 20 ns 
Write command to CAS lead time _| tem 10 15 20 ns 
Data set-up time tps 0 ns 10 

| Data hold time {DH 15 ns 10 
Data hold time referenced to RAS tDHR 60 ns 6 
Refresh period (Normal) tREF 16 16] ms | | 
Refresh period (L-ver & LL-ver) tREF 128 128| ms 
Write command set-up time twcs 0} | _ns 8 
CAS to W delay time tcwD 50 ns | - 8 
RAS to W delay time trwD 110 ns 8 
Column address to W delay time tawD 70 ns | o8 | 
CAS precharge to W delay time tcPwD 75 ns 
CAS set-up time (CAS-before-RAS refresh) iCsR ° 10 ns 
CAS hold time (CAS-before-RAS refresh) tCHR 15. Ss ns 
RAS to CAS precharge time | tRPC 10 ns 
CAS precharge time (C-B-R counter test cycle) tcPT | 30 ns 
Access time from CAS precharge tCPA 40 { 45) ns S=— | 
Hyper Page cycle time tHPC 34 | ns 16 
Hyper Page read-modify-write cycle time tHPRWC 98 ns 
CAS precharge time (Hyper Page cycle) tcp 10 ns 
RAS pulse width (Hyper Page cycle) tRASP 200K} 80} 200K ns 
RAS hold time from CAS precharge tRHCP 45 “| ons 
OE access time tOEA 20 | 20) ns 
OE to data delay tOED 20 + ons 
Output buffer turn off delay time from OE | toEz 20 3 20) ns 7,14 
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AC CHARACTERISTICS (Continued) 


Parameter Symbol 
Min | Max Min | Max Min | Max 


OE commend hold time 

W to RAS precharge time (C-B-R refresh) | twrp 
W to RAS hold time (C-B-R refresh) 

Output data hold time 

Output buffer turn off delay form RAS 

Output buffer turn off delay form W 

W to data delay 

OE to CAS hold time 

CAS hold time to OE 

OE precharge time 












































W pulse width (Hyper Page Cycle) 

RAS pulse width (C-B-R self refresh) 
RAS precharge time (C-B-R self refresh) 
CAS hold time (C-B-R self refresh) 
















































































































TEST MODE CYCLE (Note.12) 
6 -7 -8 
Parameter Symbol Units | Notes 

Random read or write cycle time tRC 135 155 ns 
Read-modify-write cycle time tRWC 190 210 ns 

Access time from RAS tRAC 65 75 85| ns | 3,4,11 
Access time from CAS tCAC 20 20 25| ns 

Access time from column address tAA 35 40 45) ns 

RAS pulse width tRAS 10,000} .75| 10,000} 85] 10,000) ns 

CAS pulse width . tCAS 10,000; .20! 10,000 20 | 10,000) ns | 
RAS hold time __|_tRSH 25 25 ns 

CAS hold time tCSH 65 70 ns 

Column address to RAS lead time tRAL 40 45 ns 

CAS to W delay time tcwo 55 55 ns 8 
RAS to W delay time tRWD 105 115 ns 8 
Column address to W delay time tAwD 70 75 ns 8 
Hyper Page mode cycle time it tHPC 34 | 39 ns 16 
Hyper Page mode read-modify-write cycle time tHPRWC 93 | ~ | 103 ns 

RAS pulse width (Hyper Page Mode) . tRASP 65 | 200,000} 75! 200,000) 85) 200,000) ns 
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TEST MODE CYCLE continued) 


Access time from CAS precharge 


Parameter 















OE access time 





OE to data delay 


















OE command hold time 


NOTES 


—_— 


. An initial pause of 200s is required after power-up 


followed by any 8 ROR or CBR cycles before 
proper device operation is achieved. 


. Vin(min) and Vit(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 
assumed to be 5ns for all inputs except tHPpc and 
tHPRWC. 


. Measured with a load equivalent to 1TTL load and 


100pF. 


. Operation within the trcp(max) limit insures that 


trRac(max) can be met. tRcp(max) is specified as a 
reference point only. If trcp is greater than the 
specified trcp(max) limit, then access time is 
controlled exclusively by tcac. 

Assumes that trcb > trRcb (max). 

tar, twcr, tbHR are referenced to tRAD(max). 

This parameter defines the time at which the 
output achieves the open circuit. condition and is 
not referenced to VoH or VOL. 


. twcs, tRwpo, tcwo and tawpd are non restrictive 


operating parameters. They are included in the 
data sheet as electrical characteristics only. If twcs 
>twcs(min) the cycles is an early write cycle and 
the data output will remain high impedance for the 
duration of the cycle. If tcowp>tcwo(min), tawo> 
tRwp(min) and tawo > tawo(min), then the cycle is a 


ead-write cycle and the data output will contain 


the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


10. 


11. 


12. 
13. 


14. 


15. 


16. 
17. 


















. Either tRcH or tRRH must be satisfied for a read 


cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the tRap(max) limit insures that 
tRAc(max) can be met. tRAD(max) is specified as a 
reference point only. If tRAD is greater than the 
specified tRap(max) limit, then access time is 
controlled by taa. : 

These specifications are applied in the test mode. 
In test mode read cycle, the value of trac, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

tCEz(max), tREz(max), twez(max) and toez(max) 
define the time at which the output achieves the 
open circuit condition and are not referenced to 
output voltage level. 

If RAS goes to high before CAS high going, the 
open circuit condition of the output is achieved by 
CAS high going. If CAS goes high before RAS high 
going, the open circuit condition of the output is 
achieved by RAS high going. , 

tasc = tcp min, Assumn tr=2.0ns 

1024 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification.(LL-ver.) 
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TIMING DIAGRAMS 
READ CYCLE 


tore == 
’ _ x x y | 
Sf SY = Y||/ 





ya 
> 
(ea) 














a ae [obs HX Bia R000 SKK) 
SE NCO al KR 







SIRE ICICICOLOUICOLULLUSALLULILALILON ESSER 


: torr 
toez 
t 


RAC 
Vou my 
DQ-DQ, Oh OPEN KOX VALID DATA-OUT ) 
Vo_— ras 








ELECTRONICS 


KM44V1004C/CL/CLL | CMOS DRAM 





TIMING DIAGRAMS (continued) 
WRITE CYCLE (EARLY CYCLE) 
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TIMING DIAGRAMS (Continued) 
READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE iT EDO WRITE CYCLE (EARLY WRITE) 
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PAGE WITH EDO READ AND WRITE MIXED CYCLE 
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TIMING DIAGRAMS (continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE=Don't Care 
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TIMING DIAGRAMS (Continued) 
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TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE tae 
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TIMING DIAGRAMS £<continueg) 


TEST MODE IN CYCLE 
Note: OE, Address: Don’t Care 


Vi — 


=) 
> 
a 


Vi — 
trec - 


tcp 


a 


Vin ‘ 
CAS 
Vi — 


twrH 


Fe ERS 
DQ;-DQ, en ' 


TEST MODE DESCRIPTION 


The KM44V1004C/CL/CLL is the RAM organized 1, 
048,576 words by 4 bit, it is internally organized 524, 
288 words by 8 bits. In "Test Mode", data are written 


into 8 sectors in parallel and retrieved the same way. — 


Column address bit Ao is not used. If, upon reading, two 
bits on one I/O pin are equal (all "1"s or "O"s) the I/O pin 
indicates a "1". If they were not equal, the I/O pin would 
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indicate a "0". In "Test Mode", the 1M x 4 DRAM can be 
tested as if it were a 512K x 4 DRAM. W, CAS-BEFORE- 
RAS Cycle (Test Mode in Cycle) puts the device into 
"Test Mode". And "CAS-BEFORE-RAS REFRESH 
CYCLE" or "RAS-only Refresh Cycle" puts it back into 
"Normal Mode". The "Test Mode" function reduces test 
time (1/2 in cases of N test pattern). 
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DEVICE OPERATION 


The KM44V1004C/CL/CLL contains 4,194,304 memory 
locations. Twenty address bit are required to address a 


particular 4-bit word in the memory array. Since the - 


KM44V1004C/CL/CLL has only 10 address input pins, 
time multiplexed addressing is used to input 10 row 
(Ao~As) and 10 column(Ao~Ag) address. The multiplexing 
is controlled by the timing relationship between the row 


address strobe(RAS), the column address strobe(CAS), 
and the valid row and column address inputs. 


Operating of the KM44V1004C/CL/CLL begins by 
strobing in a valid row address with RAS while CAS 
remains high. Then the address on the 10 address input 
pins(Ao~Ag) is changed from a row address to a column 
address and is strobed in by CAS. This is the beginning 
of any KM44V1004C/CL/CLL cycle in which a memory 
location is accessed. The specific type of cycle is 
determined by the state of the write enable pin and 
various timing relationships. The cycle is terminated 
when both RAS and CAS have returned to the high 
state. Another cycle can be initiated after RAS remains 
high long enough to satisfy the RAS precharge time(trp) 
requirement. 


RAS and CAS Timing 

The minimum RAS and CAS pulse widths are specified 
._ by tRas(min) and tcas(min) respectively. These minimum 
pulse widths must be satisfied for proper device 
operation and data integrity. Once a cycle is initiated by 
bringing RAS low, it must not be aborted prior to 
satisfying the minimum RAS and CAS pulse widths. In 
addition, a new cycle must not begin until the minimum 
‘RAS precharge time, trp, has been satisfied. Once a 
cycle begins, internal clocks and other circuits within the 
KM44V1004C/CL/CLL begin a complex sequence of 
events. If the sequence is broken by violating minimum 
timing requirements, loss of data integrity can occur. 


Read 

Aread cycle is achieved by maintaining the write enable 
input(W) high during a RAS/CAS cycle. The access time 
is normally specified with respect to the falling edge of 
RAS. But the access time also depends on the falling 


edge of CAS and on the valid column address transition. . 


If CAS goes low before tacp(max) and if the column 
address is valid before trac(max), then the access time 
to valid data is specified by trac(min). However, if CAS 
goes low after tRcp(max), access is specified by tcac or 
tas. In order to achieve the minimum access time, tRAc 
(min), it is necessary to meet both trcp(max) and trAD 
(max). The KM44V1004C/CL/CLL has common data I/O 
pins. The this reason an output enable control input(OE) 
has been provided so the output buffer can be precisely 
controlled. For data to appear at the outputs, OE must 
be low for the period of time defined by toca and toez. - 


Write 

The KM44V1004C/CL/CLL can perform early write, late 
write and read-modify-write cycles. The difference 
between these cycles is in the state of data-out and is 
determined by the timing relationship between W, OE 
and CAS. In any type of write cycle, Data-in must be 
valid at or before the falling edge of W or CAS, 
whichever is later. 


Early Write: An early write cycle is performed by bringing 
W low before CAS. The data at the data input pins is 
written into the addressed memory cells. Throughout the 
early write cycle the output remains in the Hi-Z state. In 
the early write cycle the output buffers remain in the 
three state regardless of the state of the OE input. 


Read-Modify-Write: In this cycle, valid data from the 
addressed cell appears at the output before and during 
the time that data is being written into the same cell 
location. This cycle is achieved by bringing W low after 
CAS and meeting the data sheet read-modify-write 
cycle timing requirements. This cycle requires using a 
separate I/O to avoid bus contention. 


Late Write: if W is brought low after CAS, a late write 
cycle will occur. The late write cycle is very similar to the 
read-modify-write cycle except that the timing 
parameters, tRwD, tcwD and tawp, are not necessarily 
met. The state of date-out is indeterminate since the 
output can be either Hi-Z or contain data depending on 
the timing conditions. This cycle requires a separate 1/O 
to avoid bus contention. 


Data Output nA 

The KM44V1004C/CL/CLL has a: three-state output 
buffer which is controlled by RAS, CAS and OE. When 
RAS and CAS go high(Vin) or OE goes high (Vix), the 
outputs are in the high impedance state. In any cycle in 
which valid data appears at the output, the output goes 
into the low impedance state in a time specified by tcLz 
after the falling edge of CAS. tnvalid data may be 
present at the output during the time after tccz and 
before the valid data appears at the output. The timing 
parameters tcac, tRac and taa specify when the valid 
data will be present at the output. The valid data at the 
output cannot be eliminated by CAS rising only and it 
remains until both RAS and CAS returns high. This is 
true even if a new RAS cycle occurs(as in hidden 
refresh). Each of the KM44V1004C/CL/CLL operating 
cycles is listed below after the corresponding output 
state produced by the cycle. 


Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, EDO Mode Read, EDO Mode Read-Modify- 
Write. 
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DEVICE OPERATION (Continued) 


Hi-Z Output State. Early Write, RAS-only Refresh, Fast 
Page with EDO Mode Write, CAS-before-RAS Refresh, 
OE controlled write. 


Indeterminate Output State: Delayed Write (tcwo or tRwo 
are not met) 


Refresh 

The data in the KM44V1004C/CL/CLL is stored on a tiny 
capacitor within each memory cell. Due to leakage the 
data may leak off after a period of time. To maintain data 
integrity it is necessary to refresh each of the rows every 
16/128/256ms. There are several ways to accomplish 
this. 


RAS-Only Refresh: This is the most common method for 
performing refresh. It is performed by strobing in a row 
address with RAS while CAS remains high. This cycle 
must be repeated for each row. 


CAS-before-RAS Refresh: The KM44C1004C/CL/ CLL » 


has CAS-before-RAS on-chip refresh capability that 
eliminates the need for external refresh addresses. If 
CAS is held low for the specified set up time (tcsR) 
before RAS goes low, the on-chip refresh circuitry is 
enabled. An internal refresh operation automatically 
occurs. The refresh address is supplied by the on-chip 
refresh address counter which is then internally 
incremented in preparation for the next CAS-before-RAS 
refresh cycle. 


Hidden Refresh: A hidden refresh cycle may be 
performed while maintaining the latest valid data at the 
output by extending the CAS active time and cycling 
RAS. The KM44V1004C/CL/CLL hidden refresh cycle is 
actually a CAS-before-RAS refresh cycle within an 
extended read cycle. The refresh row address is 
provided by the on-chip refresh address counter. 


Self Refresh: The self refresh is CAS-before-RAS 
refresh to be used for long periods of standby, such as 
al battery back-up. In nomal CAS-befoerd-RAS 
condition, when RAS is held low above 100s an 
internal timer activates an refresh operation of 
consecutive row addersses in DRAM. The self refresh 
mode is exited when either RAS of CAS goes high(Vix). 


Other Refresh Methods: It is also possible to refresh the 
KM44V1004C/CL/CLL by using read, write or read- 
modify-write cycles. Whenever a row is accessed, all the 
cells in that row are automatically refreshed. There are 
certain applications in which it might be advantageous 
to perform refresh in this manner but in general RAS- 
only or CAS-before-RAS refresh is the preferred method. 


Fast Page Mode with Extended Data Out 
Fast page mode provides high speed read, write or 
read-modify-write access to all memory cells within a 
selected row. These cycles may be mixed in any order. 
A fast page mode cycle begins with a normal cycie. 
Then, while RAS is kept low to maintain the CAS is 
cycled to strobe in additional column addresses. This 
eliminates the time required to set up and strobe 
sequential row addresses for the same page. 


CAS-before-RAS Refresh Counter Test Cycle 

A special timing sequence using the CAS-before-RAS 
counter test cycle provides a convenient method of 
verifying the functionality of the CAS-before-RAS refresh 
activated circuitry. 


After the CAS-before-RAS refresh operation, is CAS 
goes high and then tow again while RAS is held low, the 
read and write operations are enabled. 


This is shown in the CAS-before-RAS counter test cycle 
timing diagram. A memory cell be addressed with 10 
row address bits and 10 column address bits defined as 
follows: 


Row Address — Bits Ao through Ag are supplied by the 
on-chip refresh counter. 


Column Address — Bits Ao through Ag are supplied by 
the falling edge of CAS as in a normal memory cycle. 


Suggested CAS-before-RAS Counter Test. 

Procedure 

The CAS-before-RAS refresh counter test cycle timing is 

used in each of the following steps; 

1. Initialize the internal refresh counter by performing 8 
CAS-before-RAS cycles. 

2. Write a test pattern of "lows" into the memory cells at 
a single column address and 1024 row address. 

(The row addresses are supplied by the on-chip 
refresh counter). 

3. Using read-modify-write cycle, read the "lows" 
written during step 2 and write "highs" into the same 
memory locations. Perform this step 1024 times so 
that highs are written into the 1024 memory cells. 

4. Read the "highs" written during step 3. 

5. Complement the test pattern and repeat steps 2,3 
and 4. 


Power-up 

if RAS=Vss during power-up, the KM44C1004C/ 
CL/CLL could possibly begin an active cycle. This 
condition results in higher than necessary current 
demands from the power supply during power-up. It is 
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DEVICE OPERATION (continueg) 


recommended that RAS and CAS track with Vcc during 
power-up or be held at a valid VIH in order to minimize 
* the power-up current. An initial pause of 200 «sec is 
required after power-up followed by any 8 initialization 
cycles before proper device operation is assured. Eight 
initialization cycles are also required after any 16(L/LL- 
ver:128, SL-ver:256) msec period in which there are no 
RAS cycles. An initialization cycle is any cycle in which 
RAS is cycled. 


Termination 

The lines from the TTL driver circuits to the 
KM44V1004C/CL/CLL inputs act like unterminated 
transmission lines resulting in significant overshoot and 
undershoot at the inputs. To minimize overshoot it is 
advisable to terminate the input lines and to keep them 
as short as possible. Although either series or parallel 
termination may be used, series termination is generally 
recommended since it is simple and draws no additional 
power. It consists of a resistor in series with the input 
line placed close to the KM44V1004C/CL/CLL input pin. 
The optimum value depends on the board layout. It 
must be determined experimentally and is usually in the 
range of 20 to 40 ohms. 


Board Layout 

It is important to lay out the power and ground lines on 
memory boards in such a way that switching transient 
effects are minimized. the recommended methods are 
gridded power and ground lines or separate power and 
ground planes. The power and ground lines act like 


PACKAGE DIMENSIONS 
20-LEAD PLASTIC DUAL IN-LINE PACKAGE 


0.962 (24,43) 





transmission lines to the high frequency transients 
generated by DRAMS. The impedance is minimized if all 
the power supply traces to all the DRAMS run both 
horizontally and vertically and are connected at each 
intersection or better yet if power and ground planes are 
used. 


Decoupling 

The importance of proper decoupling can not be over 
emphasized. Excessive transient noise or voltage droop 
on the Vcc line can cause loss of data integrity(soft 
errors). It is recommended that the total combined 
voltage changes over time in the Vcc to Vss voltage 
(measured at the device pins) should not exceed 500mV. 


A high frequency 0.1 #F ceramic decoupling capacitor 
should be connected between the Vcc and ground pins 
of each KM44V1004C/CL/CLL using the shortest 
possible traces. These capacitors act as a low 
impedance shunt for the high frequency switching 
transients generated by the KM44V1004C/CL/CLL and 
they supply much of the current used by the. 
KM44V1004C/CL/CLL during cycling. 


In addition, a large tantalum capacitor with a value of 
47“F to 100%F should be used for bulk decoupling to 
recharge the 0.1“F capacitors between cycles, thereby 
reducing power line droop. The bulk decoupling 
capacitor meet the power grid or power plane. Even 
better results may be achieved by distributing more than 
one tantalum capacitor around the memory array. 


Units: Inches (Millimeters) 








0.972 (24.69) 

















0° - 10° 








oo 














0.135 (0.43) 


0.145 (3.68) 






300 (7.62) 


fh 


0.325 (8.26) - 





0.293 (7.44) 





0.279 (7.08) 


0.015 (0.38) 


MIN 
0.009 (0.23) 


0.013 (0.33) 



















0.100 (2.54) 
TYP 








a 2 0.016 (0.41) 0.035 (0.89) 
0.024 (0.61) ~~ 0.055 (1.40) 


0.183 (4.65) 
MAX 


0.115 (2.92) 
MIN 


0.050 (1.27) 
MAX 





‘ee 
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KM44V1004C/CL/CLL CMOS DRAM 





PACKAGE DIMENSIONS (Continued) 
20-LEAD PLASTIC SMALL OUT-LINE J-LEAD 


Units: Inches (millimeters) 


0.027 (0.69) 
MIN 




















9.340 (8.64) 
0.008 (0.20) 
0.012 (0.30) 





0.260 (6.60) 
0.275 (6.98) 
0.330 (8.38) 





0.295 (7.49) 
0.305 (7.75) 

























al 0.128 (3.25) 
0.145 (3.68) 


Se 


0.670 (17.02) 
0.680 (17.27) 

















0.004 (0.1) 


a L L L jUj 
0.050 (1.27) 0.015 (0.38) 0.026 (0.66) 
TYP 0.021 (0.53) 0.032 (0.81) 











0.050 (1.27) 
MAX 


20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 


1.025(26.04) ; 0.113(2.87) 
1.035(26.29) 0.120(3.05) 
J 

















ol= ~_ 
Nw © 
= ed aa 
Bilis S| 5 
N10 =l< 
02 1 8\i= 
onto) t 

° 









: il HTL | 0.009(0.23) 

0.013(0.33) 

0.016(0.41) L i 0.050(1.27) 0.050(1.27) 0.100(2.54) 0.100(2.54) 
0.024(0.61) TYP MAX MIN TYP 
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PACKAGE DIMENSIONS (continued) 
20-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (il) (Forward and Reverse Type) 


Units: Inches (millimeters) 


0.03 (0.80) 











0.298 (7.57) 
0.302 (7.67) 





0.324(8.22) 
_ 0.359 (9.12) 
0.367 (9.32) 


0.039 (1.0) 
0.047 (1.20) 


0.005 (0.13) 
0.008 (0.20) . 


w 
0.048 (1.22) | | 0.012 (0.30) 
0.052 (1.32) F 9.020 (050) 
0.016 (0.40) | | 
0.024 (0.60) 





IO] 9.008 (0.08) 
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KM48C512B/BL/BLL 


CMOS DRAM 





512K x8 Bit CMOS py nalnie RAM with Fast Page Mode 


FEATURES 


¢ Performance range: 









KM48C512B/BL/BLL-5 
KM48C512B8/BL/BLL-6 60ns 15ns ; 110ns 
KM48C512B/BL/BLL-7 70ns [ 20ns | 130ns 
KM48C512B/BL/BLL-8 


























« Fast Page Mode operation 
¢ Self Refresh operation (LL-version): 
¢ Byte Read/Write operation 
¢ CAS-before-RAS refresh capability 
« RAS-only and Hidden Refresh capability 
_ * TTL compatible inputs and outputs 
+ Early write or output enable controlled write 
+ Dual +5.0V+ 10% power supply 
« Refresh Cycle 
-1024 cycle/16ms (Normal) 
-1024 cycle/128ms (L-version) 
-1024 cycle/128ms (LL-version) 
Power Dissipation 
-Standby: 5.5mW (Normal) 
1.1mW (L-version) 
0.83mW (LL-version) 
-Active (50/60/70/80): 470/385/360/330mW 
« JEDEC standard pinout 
¢ Available in plastic SOJ and TSOP Ii 


FUNCTIONAL BLOCK DIAGRAM 





D 
> 
n 


Control 
Clocks 


| 





Oo 
S| 3 








Refresh Control 


Refresh Counter 


Row Address Buffer 
Col. Address Buffer ° 












Sense Amps & IO 
| | 






Ao~Ag 





Ao~As 


Voc 
Vss 


Memory Array 
524,288x8 
Cells 


Column Decoder 


GENERAL DESCRIPTION 


The Samsung KM48C512B/BL/BLL is a CMOS high 
speed 524,288 bitx 8 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, graphics and 
high performance portable computers. 


The KM48C512B/BL/BLL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 


The KM48C512B/BL/BLL is fabricated using 
Samsung's advanced CMOS process. 








Data in 
Buffer 



















Data out 
Buffer 
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KM48C512B/BL/BLL CMOS DRAM 





PIN CONFIGURATION (top views) 


¢ KM48C512BJ/BLJ/BLLJ 





(SOJ) 


» KM48C512BT/BLT/BLLT ¢ KM48C5128TR/BLTR/BLLTR 


ie) 


Vcc 
DQ, 


COON OO PRWHNH = 





(TSOP (Il)-Forward Type) (TSOP (Il)-Reverse Type) 






Pin Name] Pin Function 

Address Input 

| 
Ss 


Column Address Strobe 


PShMSUNag es 
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Pin Name] Pin Function 
[wears 
[OE [Baia Output Erato 















eae!” 


KM48C512B/BL/BLL 


CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS 


[Parameter Symbot [Rating «Sts 
Voltage on any pin relative to Vss 
Voltage on Vcc supply relative to Vss 










Storage Temperature 














Power Dissipation 








Short Circuit Output Current 





-55 to + 150 
















1 











* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


|__ Symbol 
Ground 
i Viq 
IL 


Input High Voltage 








Input Low Voltage 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 


Parameter 





Operating Current* 
(RAS, CAS, Address Cycling @trc=min.) 





Standby Current 


(RAS=CAS=W=Vu ) 


RAS-Only Refresh Current* 





Fast Page Mode Current* 
(RAS=Vit, CAS, Address Cycling @tec=min.) 


Standby Current 
(RAS=CAS=W=Vcc-0.2V) 


CAS-Before-RAS Refresh Current* 
(RAS and CAS Cycling @trc=min.) 


KM48C512B/BL/BLL-5 
KM48C512B/BL/BLL-6 
KM48C512B/BL/BLL-7 
KM48C512B/BL/BLL-8 





(CAS=Vin, RAS, Address Cycling @trc=min.) - 





KM48C512B/BL/BLL-5 
KM48C512B/BL/BLL-6 
KM48C512B/BL/BLL-7 
KM48C512B/BL/BLL-8 


KM48C512B/BL/BLL-5 
KM48C512B/BL/BLL-6 
KM48C512B/BL/BLL-7 
KM48C512B/BL/BLL-8 


KM48C512B 


| KM48C512BL 


KM48C512BLL 


85 mA 
ie 70 mA 
65 mA 
60 mA 


pe fs |e | me 
mA 


° 5 


85 

70 mA 
65 mA 
60 mA 








KM48C512B/BL/BLL-5 
KM48C512B/BL/BLL-6 
KM48C512B/BL/BLL-7 
KM48C512B/BL/BLL-8 
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KM48C512B/BL/BLL 


CMOS DRAM 





DC AND OPERATING CHARACTERISTICS (continued) 


Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(ViH)=Vcc-0.2V 


Din=Don't Care, TRo=125uS 
TRAS=TRAS min.~300ns 





Self Refresh Current 
RAS=CAS=0.2V 
W=OE=Ao-Ag=Vcc-0.2V or 0.2V 
DQ1-DQs=Vcc-0.2V, 0.2V or Open 











Input Leakage Current 





Output Leakage Current 
(Data out is disabled, OV<VouT< Vcc) 








Output High Voltage Level (lox=-5mA) 


Min | Max | Units | 
Input Low Voltage(Vit)=0.2V CAS=0.2V KM48C512BL Icc7 - 300 uA 
KM48C512BLL Iccs - 200 uA 
(Any input 0<Vin <Vcc+0.5V, all other pins not under test=0 volts.) hy io a a 
low) -10 10 HA 
VOH 2.4 - V 
VoL - 0.4 Vv 


Output Low Voltage Level (lo.=4.2mA) 




















*NOTE: Icc1, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, address can be changed maximum 


two times while RAS=VIL. In Icca, address can be changed maximum once within one fast page cycle. 


CAPACITANCE (1=25°c, Voc=5\, f=1MHz) 
Parameter 
Input Capacitance (Ao~Ag) 
Input Capacitance (RAS, CAS, W, OE) 
Output Capacitance (DQ1~DQa) 





-5(') 
Parameter Symbol 
Min 


Random read or write cycle time | tae 








Read-modify-write cycle time trwc 





| Access time from RAS tRAC 








Access time from CAS tac 





Access time from column address 








CAS to output in Low-Z 








Output buffer turn-off delay 











Transition time (rise and fall) 


RAS precharge time 
RAS pulse width 
RAS hold time 

CAS hold time 

CAS pulse width 


RAS to CAS delay time 
(*) 50ns Product:Vcc=5V + 5%, Cout=50pF 
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KM48C512B/BL/BLL CMOS DRAM 





AC CHARACTERISTICS (Continued) 


Parameter Smo 
Max 


RAS to column address delay time 
























































15 30 
CAS to RAS precharge time 5 5 
Row address set-up time 0 0 
Row address hold time 10 10] 
Column address set-up time . tasc 0 0 0 
Column address hold time : {CAH 10 10 15 = 
Column address hold time referenced to RAS ta | 40 45 55 60 | 6 | 
Column address to RAS lead time traL | 25 30 35 40 ns 

0 


Read command set-up time tRCS 


0 0 0 ns 

Read command hold time referenced to CAS 0 0 i 0 0 ns 
0 
0 











Read command hold time referenced to RAS 











_| Write command set-up time 





Write command hold time 











Write command hold time referenced to RAS 














Write command pulse width 





Write command to RAS lead time 











Write command to CAS lead time 


Data-in set-up time 


Plage 
s|2/|a|a/s|s|3/5/- 






























































































































































ns_| 10 
Data-in hold time referenced to RAS {tDHR 4} 55 
Refresh period (Normal) tREF 16 16 
Refresh period (L-version) __|_tREF 128 128 
Refresh period (LL-version) tREF 128 128 | 
CAS to W delay time tcwo 40 50 
RAS to W delay time tRWwD 85 ao 
Column address to W delay time tawo 55 60 
CAS precharge to W delay time tcPwo 60 65 
CAS set-up time (CAS-before-RAS refresh) tCSR of. 10 
CAS hold time(CAS-before-RAS refresh) {CHR 10 10 
RAS precharge to CAS hold time trPC 5 5 
CAS precharge time (C-B-R counter test cycle) tcPT 20 25 
Access time from CAS precharge | tom | =| 30) 35 
Fast page mode cycle time tPc | 40 45 
Fast page mode read-modify-write cycle time tPRNC | 80 80 ae 95 
RAS pulse width (Fast Page Mode) tRASP fmm et to 100K 
RAS hold time from CAS precharge tRHCP | | as} | ao 
(*) 50ns Product:Vcc=5V + 5%, Cout=50pF 
ELECTRONICS ee 








KM48C512B/BL/BLL CMOS DRAM 


AC CHARACTERISTICS (continueq) 


Paar 


JacomstinefomOE | toca | 
toe | 


Output buffer tum off delay time from OE 
|OEcommandhodime | toe 
[FAS pulse width C-B-F soltretest) | truss 
tes 


(*) 50ns Product:Vcc=5V + 5%, Cout=50pF 
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NOTES 


1. An initial pause of 200us is required after power-up followed by any 8 RAS-only or CAS-before-RAS refresh 
cycle before proper device operation is achieved. 

2. Vin(min) and Vi_(max) are reference levels for measuring timing of input signals. Transition times are measured 
between VjH(min) and Vi.(max) and are assumed to be ‘5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL loads and 100pF. 

4. Operation within the tacp(max) limit insures that trac(max) can be met. trcp(max) is specified as a reference 
point only. If tacp is greater than the specified tacp(max) limit, then access time is controlled exclusively by tcac. 

. Assumes that tacp2trcp(max). 

. tar, twor, tour are referenced to trap(max). 

7. torF(max) defines the time at which the output achieves the open circuit condition and is not referenced to Von 
to VoL. 

8. twcs, trwp, tcwo and tawp are non restrictive operating parameters. They are included in the data sheet as elec- 
tric characteristics only. If twcs2twcs(min) the cycle is an early write cycle and the data output will remain high 
impedance for the duration of the cycle. If towo2tcwp(min), tawo2tRwo(min) and tawp2tawp(min), then the cy- 
cle is a read-write cycle and the data output will contain the data read from the selected address. If neither 
of the above conditions are satisfied, the condition of the data out is indeterminate. 

9. Either tacH or rary must be satisfied for a read cycle. 

10. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in 
read-write cycles. 

11. Operation within the trap(max) limit insures that trac(max) can be met. trap(max) is specified as a reference 
point ony. If trap is greater than the specified trap(max) limit, then access time is controlled by taa. 

12. 1024 cycle of Burst Refresh must be executed within 16ms before and after self refresh, in order to meet refresh 
specification. (LL-version) 


TIMING DIAGRAMS 





























































































READ CYCLE 
RAS ViH— 
Vit— 
trep 
— Vin— 
CAS Wie 
' a= OS x 
tRCH 
H—- JVXYVY XY YRVV RV 
W Vi IRR 
Vin—  VYX VV VV VX VY VY LV VV KXAAAAAAAIAIIAAAAARAAKARARARR A 
FE KIRK KX) PRR AA KYXKX AXA | 
DQ,-DQs OPEN 








eX] oon CARE 
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TIMING DIAGRAMS ontinuea) 
WRITE CYCLE (EARLY WRITE) 






































/ tre 
foes Viq— tras ——; tAR 
RAS . tar 
Vit— 
——_ 
o aa I ea sf / 
i « 
el] fase Eee 
; Vin— ARRAY y AAVVYVVY Y YY VV YY AAA 
: um OM ADDrEss PO SEAMS ARN KOO 
; , tcwL 
w YH BORON | oT RXXEARRRRERRERRRE AREER 
Vit— 99,09, OY XX OO {\ 0.4.9,9.' Oy 
twcr 
tRWL — 
Sone Vip— va Aaa aaa 'B'O'ave'a'a’a’a’aaa'e’a’a’aTa'a’a’a’a’a¥.¥aaVala'@'O’A"a’aa O’AVAAVA VATA AAV AVAA’A 2A ATAU WAY LWW LY 
OE Vn KKK RK KA RRR RRR 
tos a tou 


ViH— 
DQ,-DQz, Vit—- ¥ VALID DATAIN J OPEN ne 


WRITE CYCLE (OE CONTROLLED WRITE) 





























tre 
tras ——__————__—4 trp 
otk Vin ich 
RAS Vit- 
tcsH 
—_ trCD tRSH : 
— ViH— 
= Vit— le trap \\ ta 
= ‘CAH 
Vin— RIV OOTKARAIYVV VV VV VV OAV VV VV VV 
A vu CAR BBhess KK cones DORK YR RXR) 
tow. 
tRWL : 
= ViIH— “KRIAIDODV IU OKKRIVIVVVVVVVVV V YY VV VV VVVYVV 
. vs — XXX KKXKXRKY = SRK KXXX YO AAXY ERROR 
|toeH . 
. Vip— WIVIV TIVITY =,¥,"a"aata’aaaVa¥a¥avalaavavavaavavaa¥a¥atavavavavaval, 
va WOOO KL KKKX HK RKXAXXKAKKAKR 
, tou 
Vin OAV OAT IYVIVVVVVVVVVVYVYVYVYVYVVVY 
00-00, yy KKK vaio oxrain KYRA KK RKYKKXXXKKKXXLKY 


KX] DON’T CARE 
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TIMING DIAGRAMS (continued) 
READ-MODIFY-WRITE CYCLE 







































































































































RAS 
CAS 
A ViH— AVX KV KKK KK KKK KKK KKK KRY 
ae RK MAR YY 
: = as 
— tran] — al tcwp: —}-— teow 
— a _ t tRwD = — tRWL o— 
W. Vin— | WYK KKK KVR OX 
He Lats RN KA 
toEA 
fe Vip—- ASYYIVYVVA/IIVIVVIVVV VY 
OF Vo RR = 
P--——----- ferea eke Pky ton 
VIOH — | | y A, vate SYK KK KK KY YX 
es Viol — igs vy es ws DATA-IN KY 
FAST PAGE MODE READ CYCLE 
a. — trp 
RAS ao 
IL— 
— trucp 
tcre ie poe tRSH —=4 
? Se top 
— i 
CAS as Neg tcas , tcas { / 
tRAD teau ; 
trah —_tasc_ | 'CAH tcaH tasc ‘cath 
a TASB Fo = ; eae RS pam 
— FR BO ",Y, TUVY LAT} VVVVYVVY Y 
, Vi RAM A00 OMA, RBbRESS JOYA Aboness OORYRK xDDRESs PRK) 
W - YYVvyvy¥Y o v7 ws Vare%a ara’, 
Vit— RY taa y : ¢ { tRRH A XXX 
AA—— AA 
t "CPA 
cE iH BRR RRXRRARRAAKN? BRYXXRRY | RRR | ZEXRREREKERY 
Be Vina XXXXXXXXXXKXXKKA PAXYXYXYXXX KA AXXY XXXXXXN k AKAN 4. XK XX xX) 
tcac Gls torr tcac Re (eee 
; -——_—_—— trac 
toLz toez tcLz 
Vou— [a 





YW VALI XZ VALID 2 VALID 
DQ,-DQs Vac UW pata-ourp Ms DATA-OUTI) OK pata-our ) 


KX DON'T CARE 
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TIMING DIAGRAMS (continued) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 








































































































| __tRP 
tRASP —| 
RAS ; —_ tar ; . / \ 
ae oa trcp-— top i 7 een 
CAS \\ tcas- tcas \ tcas—f 
fh tcsH ; tRAL 
tasR mo tRAH hae [toa tase] TOA | Poles 
a , Va"avava’, KRY VV VVVVV/V 
; NWA £00 RRA, KaDReSS XXX SORES PRINT Aooness DAMN ON) 
-—!RAD | Lt towe {| twos. + : oe . 
twcH RWL 
e i twos-—4 | 
2 API VV vA" s¥ata¥al, YWYVYVYY les A/SA//VV VVVA/Y 
Ww PRY ASO | AY LR) 
dt TKK KKK RK RY YYYYYYVYYVYVV YY YX VVVVVA/VVV 
oF BRERA MIR KOR KKH KXAN 
{ ‘oe tbH tos ! tbH tos tpH 
WWYVVVVY \y OTVUY} WV)VVVVVVVVVY 
00-00 Baten DOE Ban HY RO 


FAST PAGE MODE READ-MODIFY-WRITE CYCLE 





i ————---— tRASP 






























































































RAS i; Spe nee an 
ee tcsH —— 
| tpRwC en 
[par the tcas = —— tcas 
oR | tr40 NN 
tRAH 
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OEA EA 
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TIMING DIAG RAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don't care 








ViH— 





RAS ee 


—— Vip— 
CAS 





Vit— 


A) GZ SN: 


CAS SEF ORE DAS REFRESH CYCLE 
NOTE: W, OE, A=Don’'t Care 











= Vip— 
RAS 
Vit— 











Viq— 


chs Vir— AV WA 


torr 
ViioH — 
DQ,-DQs Viol is ; OPEN cnr erence SEAN 


CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don’t Care 





- DQ1-DQ8 





KY DON’T CARE 
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TIMING DIAGRAMS continued) 
HIDDEN REFRESH CYCLE (READ) — 




































be tRAS trp tRAS tre 
ee Viq— 
RAS tar 
Vit— 
ener cea trop tRSH tcHR 
ss as tao _| \\ 
tasc —4 L 
tasr tRAH 
- Vie- 0 KY TAI YOY VV VV IV VY VV VV VV VV 
wi ABBY SB6nt AARNE KKK KOKO 
as Vin— VAAWYVYYVVG9 — SAAAAIVYVYVVVVVVIV FV YVVV YWVVVVYWV/VY 
; vim BO ete OK 
-_ ViH— TIUININAN NA ATANINARLNATAY YYA/VV\A/ 
a AXIO in 
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TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 





ViH— 
ViL— 






RAS 





tcsr 
n| | + tcHR topT tRSH 


ar Vin— , 
CAS Vie tcas- Y / 
Vip— WAAAY AAPA AAAAVV _— KAD KAAAS AA AAAAAA/ TOA 
POKORNY. _RoORESS ANNAN 
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PACKAGE DIMENSION 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 
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KM48C514B/BL/BLL 


CMOS DRAM 





512K x8 Bit CMOS Dynamic RAM with Extended Data Out 
FEATURES 


¢ Performance range: 









ae [we | | 
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oM@cst4BVBUBLLT | Tone | ane | 108 


« Fast Page Mode with Extended Data Out 
* Self Rdfresh operation (LL-ver) 
. CAS-before-RAS refresh capability 
- RAS-only and Hidden Refresh capability 
¢ Byte Read/Write Operation 
¢ TTL compatible inputs and outputs 
¢ Early write or output enable controlled write 
¢ Dual +5V+10% power supply 
« Refresh Cycle 
-1024 cycle/16ms (Normal) 
-1024 cycle/128ms (L/LL-ver) 
Power Dissipation 
-Standby: 5.5mW (Normal) — 
1.1mW (L-version) 
0.83mW (LL-version) 
-Active (50/60/70): 470/385/360mW 
¢ JEDEC standard pinout 
¢ Available in plastic SOJ and TSOP Il 










FUNCTIONAL BLOCK DIAGRAM 


Voc 
[Vas Generar of 





| 








RAS 

= Control & 

CAS Clocks 
WwW 


= 
i 


AQ~AQ 


A0~A8 


Veep Generator 









Column Decoder 


GENERAL DESCRIPTION 


The Samsung KM48C514B/BL/BLL is a CMOS high 
speed 524,288 bitx 8 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, graphics and 
high performance portable computers. 


The KM48C514B/BL/BLL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 


The KM48C514B/BL/BLL is fabricated using 
Samsung's advanced CMOS process. 
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KM48C514B/BL/BLL | - CMOS DRAM 


PIN CONFIGURATION (Top Views) 


* KM48C514BJ/BLJ/BLLJ * KM48C514BT/BLT/BLLT ¢ KM48C514BTR/BLTR/BLLTR 


fe) 


1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 a) 





(SOJ) (TSOP(Il)-Forward Type) (TSOP(II)-Reverse Type) 










Address Inputs 
Data In/Out 
4 








Row Address Strobe 
Column Address Strobe 
Read/Write Input 

Data Output Enable 
Power(+5 V) 


No Connection 
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KM48C514B/BL/BLL CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS 





























Parameter Symbol Rating Units 

Voltage on any pin relative to Vss Vin, VouT -1 to 7.0 Vv 
Voltage on Vcc supply relative to Vss Vcc -1 to 7.0 | V 
Storage Temperature Tstg -55 to + 150 °C 
Power Dissipation Pp 1 | W 
Short Circuit Output Current los 50 : W 

* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 





Parameter Symbol 



































Supply Voltage 

Ground Vv 
Input High Voltage | VIH 2.4 = | Vec+1 Vv 
Input Low Voltage Vv 





DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 





























Parameter Symbol} Min | Max | Units 
Operating Current* KM48C514B/BL/BLL-5 | 85 mA 
BRE ATS beats ; KM48C514B/BL/BLL-6 Icc1 - 70 mA 
(RAS, CAS, Address Cycling @trc=min.) KM48C514B/BL/BLL-7 65 fai | 
Standby Current (RAS=CAS=W=Vu ) Icce - 2 mA 
ee 7 KM48C514B/BL/BLL-5 85 mA 
CaS FAS. Adcrows © siegabesan) KM48C514B/BL/BLL-6 loca - | 70 | mA 
aides Tn en esa KM48C514B/BL/BLL-7 65 | mA 
‘ KM48C514B/BL/BLL-5 65 mA 
AS ORS. Aa Penne ee KM48C514B/BL/BLL-6 leca - | 55 | mA 
Bea Bone uae KM48C514B/BL/BLL-7 50 | mA 
+ 
KM48C514B 1 mA 
RAS_CASW.Veo-0 i KM48C514BL loos | - | 200 | yA 
x ea : KM48C514BLL 150 LA 
— ae : KM48C514B/BL/BLL-5 85 mA 
RS ane CHSC, ieee _ KM48C514B/BL/BLL-6 loos - | 70 | ma 
ae eee KM48C514B/BL/BLL-7 65 | mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High i ae -0.2V 
Input Low Voltage(ViL}=0.2V : KM48C514BL Icc7 - 300 LA 
CAS=0.2V 
Din=Don't Care, TRc=125S Tras=Tras min.~300ns 
5 T 
Self Refresh Current 
RAS=CAS=0.2V KM48C514BLL Iccs - 200 HA 
W=OE=Ao-Ag=Vcc-0.2V or 0.2V 
DQ1-DQs=Vcc-0.2V, 0.2V or Open 
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KM48C514B/BL/BLL | CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (ontinueg) 


(Recommended operating conditions unless otherwise noted) 


























Parameter Symbol| Min | Max | Units 
Input Leakage Current je 
(Any input 0<Vin <Vcc+0.5V, all other pins not under test=0 volts.) | Ine) me 10 HA 

+ 4 

Output Leakage Current 
(Data out is disabled, OV < VouT< Vcc) low) Mg 19 Bes 
Output High Voltage Level (loH=-5mA) VOH 2.4 - V 
Output Low Voltage Level (loL=4.2mA) VOL - 0.4 Vv 

















*NOTE: Icc1, Icc3, Icc4 and Icceé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, address can be changed maximum 
two times while RAS=ViL. In Icc4, address can be changed maximum once within one hyper page cycle. 


CAPACITANCE (11=25°C, Vcc=5v, f=1MHz) 


Parameter 


Input Capacitance (Ao~Ag) 





Input Capacitance (RAS, CAS,W, OE) 
Input Capacitance (DQ1~DQs) 








AC CHARACTERISTICS 00°c<Ta<70°C, Vcc=5V+ 10%, See notes 1,2) 


Test condiition:Vin/Vii=2.4/0.8V, Voh Vol=2.0/0.8V, Output loading CL=1 00pF 

























































































-5(*) -6 -7 ; 
Parameter Symbol Min | Mae le as || ed Pajaacl Units | Notes 

Random read or write cycle time tRC 90 | 110 130 ns | 
Read-modify-write cycle time tRWC 155 185 | ns 
Access time from RAS tRAC 50 60 70} ns | 3,4,14 
Access time from CAS | tcac 17 17] 20) ns | 3,4,5 
Access time from column address tAA 25 30 35 | ns 3,11 
CAS to output in Low-Z tclz 3 3 ns 3 
Turn-off delay from CAS tCEZ 13 3 15 3 20} ns | 7,14 
Transition time (rise and fall) tT 50 2 50 2 50] ns 2 
RAS precharge time trP 40 50 | ns 
RAS pulse width tRAS 10,000 | 60 jail 70 | 10,000} ns 
RAS hold time tRSH 17 20 l ns 
CAS hold time tCsH 50 60 ns 
CAS pulse width tcas . 10,000 10) 10,000); 15} 10,000; ns 12 
RAS to CAS delay time trp 37| 20 45 20| 50| ns | 4 
RAS to column address delay time tRAD 25 15 30] 15 35/1 ns 11 
CAS to RAS precharge time tcrP 5 5 male ae 
Row address set-up time ‘ tasR 0 0 0 ns 
Row address hold time tRAH 10 10 10 ns 


(*) -50ns Product : Output Loading (CL)=50pF, Vec=5V + 5%: 
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AC CHARACTERISTICS (Continued) 





























































































































































Parameter 

Column address set-up time _ 

Column address hold time 

Column address hold time referenced to RAS 

Column address to RAS lead time 

Read command set-up time tRCS 0 ~ 0 | | 0 | | ns 

Read command hold time referenced to CAS tRCH 0}. 0 0 ns 9 

Read command hold time referenced to RAS ! tRRH 0 0 ua 0 | ns 9 
| Write command hold time : tWcH 10 10) ; 10 | ns 

Write command hold time referenced to RAS twcr 40 45 50 ns 6 
Write command pulse width 1 twP 10 10 ll | 10 | | _ns 

Write command to RAS lead time tRWL 13 15 15 ns_| | 
Write command to CAS lead time | tcwL 8 10 15 i ns 

Data set-up time tps 0 0 {0 ns | 10 

Data hold time tDH 10 10 15 ns 10 
| Data hold time referenced to RAS tDHR 40 45 55 ns 6 

Refresh period (Normal) tREF 8 8 8] ms 

Refresh period (L-version) tREF ; 64 64; ms 

Refresh Period(LL-version) ; tREF 128 | 128 128]; ms . 
Write command set-up time | twes 0 0 ean ns | 8 
CAS to W delay time | tcwo 40 42 | 50 ns 8 

RAS to W delay time | tawo 73 85 95 | ns 8 

Column address to W delay time | tawD 48 55 60 |_ns 8 

CAS precharge to W delay time | tepwo | 53 60 65 ns | 

CAS set-up time (CAS-before-RAS refresh) { tcsR 10 * 10 10 ns 

CAS hold time (CAS-before-RAS refresh) tCHR 10 10 10 ns 

RAS to CAS precharge time tRPC 5 5 5 ins 

CAS precharge time (C-B-R counter test cycle) tcPT 20 20 25 |__ns 

Access time from CAS precharge | tcpa 30 | 35 40! ns 3 

Hyper Page mode cycle time tHPC 20 24 | 29 ns 12 

Hyper Page mode read-modity-write cycle time tHPRWC 62 71 81 ns 12 

CAS precharge time (Hyper Page mode) tcp 8 10 10 | ns 

RAS pulse width (Hyper Page mode) tRASP 50) 100K 60| 100K 70; 100K} ns 

RAS hold time from CAS precharge trHcP | 30 35 40 ns 

OE access time | toes 15 | 15 20! ns 

OE to data dela | toeD 13 , 15 20 ns 

Output buffer turnoff delay time from OE | toez 3 13 3 15 3 20 | ns | 7 

OE to output in Low-Z toLz 3 3 3 ns 3 











(*) -50ns Product : Output Loading (CL)}=50pF, Vec=5V + 5% 
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KM48C514B/BL/BLL 


CMOS DRAM 





AC CHARACTERISTICS (continued) 




































































(*) -50ns Product : Output Loading (CL)=50pF, Vec=5V + 5% 


NOTES 


. An initial pause of 200s is required after power-up 
followed by any 8 ROR or CBR cycles before 
device operation is achieved. 

. ViH(min) and Vit(max) are reference levels for 
measuring timing. of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 
assumed to be 5ns. for all inputs except tHpc and 
tHPRWC. 

. Measured with a load equivalent to 2 TTL loads 
and 100pF 

. Operation within the tRco(max) limit insures that 
trRac(max) can be met. trcp(max) is specified as a 
reference point only. If tcp is greater than the 
specified taco(max) limit, then access. time is 
controlled exclusively by tcac. 

. Assumes that tRcD > tcp (max). 

. tar, twcr, toHR are referenced to tRaD(max). 

. This parameter defines the time at which the 

output achieves the open circuit condition and is 

not referenced to VoH or VoL. 

. twcs, tRwbd, tcwp and tawpd are non restrictive 

operating parameters. They are included in the 

data sheet as electric characteristics only. If twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo>tcwo(min), trwo > 


ELECTRONICS 


10. 


11. 


12. 


. 1024 cycle of burst refresh must be executed 


14. 














65) -6 7 
Parameter Symbol Units | Notes 
Min | Max | Min| Max | min | Max 
OE commend hold time tOEH 15 20 ns 
Output data hold time tDOH 5 ns 
Output buffer turn off delay from RAS tREZ 13 15 3; 20| ~=ns 7,14 
Output buffer turn off delay from W tWEZz 13 3 15] 3 20] ns 7 
W to data delay tweD 15 20 ns 
OE to CAS hold time | tocH 5 | 5 ns | 
CAS hold time to OE tCHO 5 5 f ns | 
OE precharge time |_toeP | 5 ns 
W pulse width(Hyper page Cycle) Asis twPE 5 5 ns 
RAS pulse width(LL-ver) tRASS 100 100 HS 13 
RAS precharge time (LL-ver tRPS {110 i 130 ns | 13 
CAS hold time (LL-ver) tCHS -50 -50 ns 13 





tRwo(min) and tawD >tawop(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read 


cycle.. 
These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the tRaD(max) limit insures that 
tRac(max) can be met. tRAD(max) is specified as a 
reference point only. If tRAp is greater than the 
specified tRaD(max) limit, then access time is 
controlled by taa. 

tasc => tcpmin, Assume tT=2.0 ns 


within 16ms before and after self refresh, in order 
to meet refresh specification (LL-ver) 

If RAS goes high befored CAS high going, the 
open circuit condition of the output is achieved by 
CAS high going, If CAS goes high before RAS high 
going, the open circuit condition of the output is 
achieved by RAS high going 
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~ TIMING DIAGRAMS 
READ CYCLE 


tre 


f= tras 
Vin . fe 
Vi 


tap 
Ns eae ad 


beg VYYY YY YYVASVSV) 
SY) 


ea et 
7 Ve — YY € nciRtss QW ( _Aooress YK XXXKKKXKXX 
trap ee tRRH 












ore Vin OY 


Vi — ALY 





= 


os ROO | RK 












= Tee VA AVA VAVAVAVAVAVAVAVAVAVA AAU AVAVAA KY XY YY XX WV 
Te IK XX | ant OOK 


trac 
ee OX mor 
DQi~DQ open (KX) DATA-OUT —1 
i Vo. — KD ‘ 


teiz 


KY Don't Care 


ea” = 


ELECTRONICS 





KM48C514B/BL/BLL | ~ CMOS DRAM 


WRITE CYCLE (EARLY CYCLE) 
NOTE : Dout=OPEN 
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READ-MODIFY-WRITE CYCLE 






























my 
rn eas treo ee 
CAS Vi — ( tasr taao——| 
me eRe : 
caer pe as a 
6k SOK Aron DEM ASHES RR KOKI KKK) 
al ee 
Vin isc We VVYVYVV Vv 
wy a NRK 





tos 


ie RRL 


trac toez 


toep 





tow 





OH 


Vv ‘ . 
VALID 
DQi~DQs ma. pata out P YX oniain D 
OL v 
toiz 


HYPER PAGE READ CYCLE 


tRASP tRP 
ViH_ — tRHCP 





=| 
i 
> 
BS 
Xd 
os 
SS 
QS 






tAA 


| 
iH V\/\/ 
oc | Ow OQQQQQ0OO% wi XXX 
tRAC ve | tOEZ 





, toLz 
VoH — VALID () 
cor-bax Yor = OCMC HOY IO 
CLZ 


VALID 


DATA OUT 
ee Don't Care 


ELECTRONICS 











-KM48C514B/BL/BLL _ CMOS DRAM 





HYPER PAGE WRITE CYCLE (EARLY WRITE) 
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HYPER PAGE READ-MODIFY-WRITE CYCLE 
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HYPER PAGE READ AND WRITE MIXED CYCLE 
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RAS-ONLY REFRESH CYCLE 
NOTE : W, OE, DIN=Don't Care 
Dout=Open 
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HIDDEN REFRESH CYCLE (READ) 


tras tae |. tras = 
Vin — 


RAS tar 
Vit _ 
tore 
ie az ge 
\ : ae 
Vit os 4 


tasr 


Vn —- YWYV ii X a= = YYV YY YY VYVYVVYYVYV 
* eR aaths DRY SSB DROID 


trap 











tres 


we ~ BRERARRRY 


Vi — AAALS YY La 
me SRYRRR 


DALAAL/LV,AN 


Sn 


LLLVAVANANZN 






VY 





torr 





trac 


Vo. — toe BY 


HIDDEN REFRESH CYCLE (WRITE) 
ee ee : 



























a : 
me \ “ 
To petty pl 
1 TRC Rs KO RE DORR 
twRH 
a Vin — P\AZPZYYYDAAY? ; VYV YYVYVYVV VY 
7 RRR E VT RRR 


OE Vin — ~VV/ VY V4 VYYY VY Y Y Y 
= RK 
SSN ATION ONIN NON NIN 


LALA 


RA Don't Care 


ELECTRONICS 





-KM48C514B/BL/BLL CMOS DRAM 





CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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PACKAGE DIMENSION 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 
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r 0.740 (18.80) 0.03 (0.80) 
A { 


: 


0.459 (11.66) 
0.466 (11.86) 














0.423 (10.76) 


: 


a en 
= 


0.005 (0.13) 
0.722 (18.36) Baw bee) 0.008 (0.20) 
0.726 (18.46) [0.041 (1.05) 
0.037 (0.95) | L. 7 L 0.048 (1.22) L 0.016 (0.40) 
0.052 (1.32) 0.020 (0.50) 


0.016 (0.40) 
0.024 (0.60) 
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KM49C512B/BL/BLL 


CMOS DRAM 





512K x9 Bit CMOS Dynamic RAM with Fast Page Mode 
FEATURES 


¢ Performance range: 


i te [ane |e | 
ans |e | Tro 


KM49C512B/BL/BLL-6 
KM49C512B/BL/BLL-7 
KM49C512B/BL/BLL-8 








70ns 130ns 

80ns 150ns 
Fast Page Mode operation 
Self Refresh operation (LL-version) 
Byte Read/Write operation 
CAS-before-RAS refresh capability 
RAS-only and Hidden Refresh capability 
TTL compatible inputs and outputs 
Early write or output enable controlled write 
Dual +5.0V + 10% power supply 
Refresh Cycle 
-1024 cycle/16ms (Normal) 
-1024 cycle/128ms (L-version) 
-1024 cycle/128ms (LL-version) 
Power Dissipation 
-Standby: 5.5mW (Normal) 

1.1mW (L-version) 
0.83mW (LL-version) 

-Active (60/70/80): 415/385/360mW 
¢ JEDEC standard pinout 
« Available in plastic SOJ and TSOP II 


FUNCTIONAL BLOCK DIAGRAM 





D 
> 
op) 


Control & 


>| 
al & 


Refresh Control 
Refresh Counter 


|__| Row Address Buffer 


: Col. Address Buffer 










Ao~Ag 





Ao~As 


Voc - 
Clocks Wes 


Memory Array 
524,288 x 9 
Cells 


Column Decoder 


GENERAL DESCRIPTION 
The Samsung KM49C512B/BL/BLL is a CMOS high 


speed 524,288 bit x9 Dynamic Random Access 


Memory. Its design is optimized for high performance 
applications such as personal computer, Giapnice and 
high performance portable computers. 


The KM49C512B/BL/BLL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. : 


The KM49C512B/BL/BLL is fabricated using 
Samsung's advanced CMOS process. 


Data in 
Buffer 







DQ, 
to 
DQg9 


Sense Amps & |O 
| 







Data out 
Buffer 
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KM49C512B/BL/BLL CMOS DRAM 





PIN CONFIGURATION (top views) 


° KM49C512BJ/BLJ/BLLJ 








(SOJ) 
¢ KM49C512BT/BLT/BLLT *° KM49C512BTR/BLTR/BLLTR 
10 
2 
3 
4 
5 
6 
7 
8 
9 
(TSOP (Il)-Forward Type) (TSOP (Ii)-Reverse Type) 


Read/Write Input 
Data Output Enable 























Row Address Strobe 
Column Address Strobe 
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CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS 






Parameter 





























Voltage on any pin relative to Vss Vin, Vout ae -1 to +7.0 Vv 
Voltage on Vcc supply relative to Vss Vcc -1 to + 7.0 Vv 
Storage Temperature Tstg -55 to + 150 °C 
Power Dissipation Po 1 WwW 








Short Circuit Output Current 





* 








los 


50 








Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 


should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to vss, Ta=0 to 70°C) 
































DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 


Parameter 


KM49C512B/BL/BLL-6 





Symbol 


Min 





Supply Voltage Vcc 4.5 5.0 5.5 V 
Ground 0 0 0 V 
Input High Voltage 2.4 = | Vec+1 V 
Input Low Voltage V 



















Units 
mA 


































































Operating Current* 
oe ; | KM49C512B/BL/BLL-7 lect | - | 70 | mA 
(RAS, CAS, Address Cycling @trc=min.) pa | 
KM49C512B/BL/BLL-8 65 mA 
Standby Current 
(RAS-CAS-W_Vi ) Cea ale ce tate 
Oke ‘ KM49C512B/BL/BLL-6 75 mA 
wen irs! ae eae KM49C512B/BL/BLL-8 65 | mA 
r KM49C512B/BL/BLL-6 55 mA 
ASA, CAS, ates ORE @tpc=min,) Seater el) | oe aa 
ese acacia a KM49C512B/BL/BLL-8 45 | mA 
KM49C512B 1 | ma 
FAS CAS Woo. ionh KM49C512BL locos | - | 200] pA 
~ ire : KM49C512BLL 150 HA 
— — \ KM49C512B/BL/BLL-6 75 mA 
FS and GSC eee deals KM49C512B/BL/BLL-7 loos | - | 70 | mA 
. sae ea KM49C512B/BL/BLL-8 65 | mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(ViH)=Vcc-0.2V 
Input Low Voltage(ViL)=0.2V CAS=0.2V KM49C512BL Icc7 - 300 | #A 
Din=Don't Care, TRo=1254S 
Tras=Tras min.~300ns 
Self Refresh Current 
RAS=CAS=0.2V 
We-OE=Ao-As=Voc-0.2V or 0.2V KM49C512BLL Iccs - 200 LA 


DQ1-DQs=Vcc-0.2V, 0.2V or Open 




















ares 
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KM49C512B/BL/BLL CMOS DRAM 





DC AND OPERATING CHARACTERISTICS (continued) 


(Recommended operating conditions unless otherwise noted) 











Parameter Symbol| Min | Max | Units 
Input Leakage Current 
(Any input O<Vin <Vcc+0.5V, all other pins not under test=0 V) ML) atin ug Be 
Output Leakage Current 
‘| (Data out is disabled, OV<VouT< Vcc} low) aie i oe 
Output High Voltage Level (loH=-5mA) VoH 2.4 - V 
Output Low Voltage Level (loL=4.2mA) VoL - 0.4 Vv 























*NOTE: Icc1, Icc3, Icca and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and !cc3, address can be changed maximum 
two times while RAS=VIL. In Icc4, address can be changed maximum once within one fast page cycle. 


CAPACITANCE (ta=25°c, Voco=5V, f=1MHz) 


Parameter 


Input Capacitance (Ao~Ag) 





Input Capacitance (RAS, CAS, W, OE) 
Input Capacitance (DQ1~DQs) 








AC CHARACTERISTICS (o°c<1a<70°C, Voc=5.0V+10%, See notes 1,2) 



















































































-6 ~7 -8 

Parameter Symbol min | ieee [satan uaae (| paul aaa Units; Notes 
Random read or write cycle time tRC 110 130 150 ns 
Read-modify-write cycle time trwe | 155 185 | 205 ns 
Access time from RAS tRAC 60 70 80| ns | 3,4,11 
Access time from CAS tcac 15 20 20 ns 3,4,5 
Access time from column address tAA 30 35 40 | ns 3,11 
CAS to output in Low-Z tcLz 0 0 0 ns 3 
Output buffer turn-off delay tOFF 0 15 0 15 0 15] ns 7 
Transition time (rise and fall) tr 3 50 3} 50 3 50; ns 2 
RAS precharge time . tRP 40 50 60 | ns 
RAS pulse width | tRAS 60 | 10,000 | 70; 10,000; 80| 10,000| ns 
RAS hold time tRSH 15 20 20 ns 
CAS hold time . tcsH | 60 70 80 ns 
CAS pulse width tcas 15 | 10,000 20 | 10,000 20] 10,000 | ns 
RAS to CAS delay time tRCD 20 45 20 50 20 60; ns 4 
RAS to column address delay time tran | 15 30} 15 35 | 15 40; ns | 11 
CAS to RAS precharge time |_ tore 5 5 ie ns 
Row address set-up time tASR 0 0 0 ns 
Row address hoid time | tRAH 10 [10 | 10 ns ] 
Column address set-up time TASC 0 0 0 ns 
Column address hold time tCAH 10 15 15 ns 
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KM49C512B/BL/BLL | CMOS DRAM 





AC CHARACTERISTICS (Continued) _ 


access” area 
Parameter Units | Notes 
[Min | Max | Min | Max | Min | Max_ 
[Column address hold time referencedtoRAS | tm_| 45| | 5] | go] | ns | 6 
SounscoestoTASieire ma} te fe 
Read command set-up time tRCS 

a 

Read command hold time referenced to RAS [tren | of | 
re 
Write command hold time 


Write command pulse width 


















z 
Hd 


g 


Write command to RAS lead time 








Write command to CAS lead time 


Flair 


Data-in set-up time — 
Data-in hold time 


= — | os jo = 
on ala !)o oO 





Data-in hold time referenced to RAS 


fond 
9 
= 
Pe] 





Refresh period (Normal) 


Refresh period (L-version) 
Refresh period (LL-version) t 
CAS to Wdelay time 


RAS to W delay time 
Column address to W delay time 


CAS precharge to W delay time tcPwD 
CAS set-up time (CAS-before-RAS refresh) 
CAS hold time (CAS-before-RAS refresh) 
RAS precharge to CAS hold time 


CAS precharge time (C-B-R counter test cycle) 


Access time from CAS precharge 


o 
aD 
mn 
nm 


=_— Nh | = = 
a olo (o] 


= 
oa 


—_ 
fo>) 


-~S —_ =_ 


= 
ao 


Pe} 
m 
a 


= 
iy] 
Co 


sale 











S 
4 


Fast Page mode cycle time 








Fast Page mode read-modify-write cycle time 
RAS pulse width (Fast Page mode) 
RAS hold time from CAS precharge 


CAS precharge time (Fast Page mode) tcp 
Access time from OE 


OE to data-in delay time 





x lot 
° 
Oo 


th 
[—) 
So 
aA 
~ 
Oo 
—_ 
fo] 
Oo 
az 







os a _> 
oO > 
a) fo) 
—_ 
ale 


= 
an 





Out put buffer turn off delay time from OE 
OE commend hold time 


‘| RAS pulse width (C-B-R self refresh) 
RAS precharge time (C-B-R self refresh) 
CAS hold time (C-B-R self refresh) tcHs 
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KM49C512B/BL/BLL CMOS DRAM 





NOTES 


1. An initial pause of 200s is required after power-up followed by any 8 RAS-only or CAS-before-RAS refresh cycle 
before proper device operation is achieved. 

2. ViH(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are measured 
between ViH(min) and Vi_(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL loads and 100pF. 

4. Operation within the tacp(max) limit insures that tRAc(max) can be met. tacp(max) is specified as a reference point 
only. If tacb is greater than the specified thcp(max) limit, then access time is controlled exclusively by tcac. 

5. Assumes that tacp >trcb (max). 

6. tan; twcr, tOHR are referenced to tRAD(max). 

7. toFF(max) defines the time at which the output achieves the open circuit condition and is not referenced to Von to 
VOL. : 

8. twos, tawo, tcwpd and tawo are non restrictive operating parameters. They are included in the data sheet as electric 
characteristics only. If twcs>twcs(min) the cycle is an early write cycle and the data output will remain high 
impedance for the duration of the cycle. If tcwp >tcwp(min), thwo >tRwp(min)and tawp > tawD(min), then the cycle is 
‘a read-write cycle and the data output will contain the data read from the selected address. If neither of the above 
conditions are satisfied, the condition of the data out is indeterminate. 

9. Either tRcH or tRRH must be satisfied for a read cycle. 

10. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in read- 
write cycles. 

11. Operation within the trap(max) limit insures that tRac(max) can be met. tRap(max) is specified as a reference point 
only. If tRAD is greater than the specified traD(max) limit, then access time is controlled by taa. 

12. 1024 cycle of burst refresh must be executed within 16ms before and after refresh, in order to meet refesh specifica- 
tion(LL-version). 


TIMING DIAGRAMS 



























































































READ CYCLE 
RAS Vin— 
Vit— 
ats Vie— 
CAS Vii— 
Viq— AAAI IAAIAIIAAIIA II IAIAKA AI 
, we ADD ONAN UX) 
fee IWVVIVYVVV'0) 
w Vn KRY 
Vin— AAA AAAI AAAAKARAARARA BA//VVV\AALVVYVYYVW/A/A VV VW YW¥VYW¥VYW¥VYVWVVYWJY" 
CE OREN RS) TRIKE XXX KX AX 
DQ,-DQg ne —— OPEN 





Xx] DON’T CARE 
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TIMING DIAGRAMS continued) 


WRITE CYCLE (EARLY WRITE) 
‘a 


RAS 


CAS 


=| 


DQ,-DQg 


WRITE CYCLE (OE CONTROLLED WRITE) 


CAS 


=| 


DQ,-DQg9 





tac 

















trp 
hana tras eae 
Viq— ‘ 
‘AR 

Vit— 

tcre seal =| 

trop tRSH { —| 
ViH— 
om A 

Vit— + 

tasR tasc 1tan_] RAL 7 








. Vit FARRAR y, AAIVYYVVYY Y YY VY AA IK 
(YF ROW 
vi RO Aone PROM SORES PRX RRR IORI 


























t= tRaD 
tow —| 
twcs wed 
ViH—. WYYUI YY VYVAIVVAAAYANV VV YY YOUV YY VY 
vu— RARAXXXXARERRN OS 
i 4twor 
tRWL —=| 
Vin— VVVVVYVVVYYVYVYVYVYVVYVYYYYVVYVYV VU VIV/V ¥ YVVV VY VV VV VV VV VY VI VVV VY VV/V/V \/ 
Vu OKRA KKK KKK RRR 
tbH 
tos 4 = tou 


Viq— 
Vix 4 VALID DATA-IN J PARR ——_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_— 









































































k-——__- trc 
= _ tras — tre— 
Vie tar 
Vit— 
—= tCSH — 
tcrp 
—| tracp tRSH | 
Vin— 
vu Ego NO ee 
tase | | tray eel ign tRaL 4 2 
ViH— WIVVVV OT VV VV VV VV 
Vi CALYX ABBhess ALP Boas _ DORK RY) 
; seine 
Vin— VV VVVVVVVVVVVVVVVVVVVVVV Y (MV VV VV VVVYVVV VY YYVVY VV VVYVV 
Vo XRAY RX KKK RYKXXND WRX XXL XXX KXLX RY 
ViH— TATA AT ATATRETERanS aN avatarat VavVaValalaals¥ Ws Vaa VA AVAVaValaVaValaVaVaVaVAValalavay, 
vn WOOO SXXKKAXXY XXX RRARKAKAARYA 

















Vin— LAS JV VVVV IPP PIII TT TT POP 
u- YOK. vate oarasn KARL L AY KKK KKK KKK 


KX}oows CARE 
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TIMING DIAGRAMS (Continued) 
READ-MODIFY-WRITE CYCLE 


RAS 


CAS 


=| 


DQ,- DQg 


ViH— 
Vit— 


Vin 
Vit— 


Vin— 
Vit— 


Vin 
Vit— 


ViH— 
Vit— 


VVOH — 


Viol — 


= tras = 
= taR——-— 
tcrP SS ee n= is) 
penn +. — treo = ~~ trsH——- ate 
| : tcas 


tasR 






"9" 
x AAL 






VSL YVVVAA/VYVVVAA/VV 
OUGUUrnnnneinngnnn 


— tRWC 
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tRAH tasc 





x 


Y\AF ROW 7 AVY AA/ 
Wh aooress KA _nosaccs RY 


A/SVVVVYVV 
Yn L\ XXX 
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L\ 


~ tawo-: 


tcwo b—=-- TCWL 











IAAI IV 
KKK) 
























FAST PAGE MODE READ CYCLE 


RAS 


CAS 


DQ,-DQg 


as i 


— tRWD zs a= 


_ 














- tRASP -—— 














tRWL 


YK RAAIVVVYUVVYV VY 
XXX ANY 


trp 
taHep = : 





V/ 
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IVYVUVVVUYK 
AY WK 
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OVO 
| NR. 








































KRAADAS/\A/Y\/ 
OO Ien Gy 


torr 





a ae cel 
tcrp Eee er ‘, RSH 
ViH— tcas 
t t 
vie = LS ay seams’ &, 
A 
tosH 
tasR tRAH tasc_| toan tCaH tasc fae 
a eat Faas Eel eae 
WH TERY ROW AAW AN COLT YARXXW” OLDEN “MIRRRRRR\Y COLTER, “WRRRRWRRY 
Va Oe OYA ADDRESS WYXXXXK ADDRESS AXXAXXX A ADDRESS XXXX XK XXX) 
Baa ie a eo 
VA OXY VY "NY 
Vy L— ROO) t AA | y fais ¢ tik trRH 
Bae ae toEA toeA 
ViH— XX XX YY Y XXX XXX y) KYY VAAL RYVVVWVYYN) KX) 
Ve XXX KKK | RN | ARN AO 
IL " 
. CAC 
— tRAC 

tcLz toEz 
Vou AY VALID AAY VALID VALID 
Wee AX varrcurp———QX varrouryS—OK_bareour } 


Nex DON’T CARE 
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~ KM49C512B/BL/BLL GMOS DRAM 


TIMING DIAGRAMS (Continued) _ 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 



























































acuaaaee aan tRAsP- a | = 
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TIMING DIAGRAMS continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don’t care 








ma 3 trc 


Vip— 


tRas 


RAS Jick 


roan Vin— 
CAS 





Vit— 


» Ny Ga i WRAITH 


GAS-betore- RAS REFRESH CYCLE — 
NOTE: , OE, A=Don’t Care 

















me 
OB AS, 


: torr 
ViioH — : 
DQ:-DQ vig, — : ' OPEN 


CAS-before-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A= Don’t Care 


DQ,-DQ,g 
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- TIMING DIAGRAMS continued) 
HIDDEN REFRESH CYCLE (READ) 
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CAS ae trad | \\ 

; tasr a tRAH ical . 
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oF KNBR SSS AXXXXNXXXNNY 
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KM49C512B/BL/BLL CMOS DRAM 





TIMING DIAGRAMS (Continued) 
CAS-before-RAS REFRESH COUNTER TEST CYCLE 
























































































mae a 
Ty 
Vip— AA/YMJA/VJV\ A AAANA\AAA/V/VVA/V 
BRAY aX KOK 
READ CYCLE 
= « VIH— VAY AAAAA/SYA/WAAAA/A/V9 
WT RY 
ViH— TAAAARAAAAKARA KA ARAAAAR RAR RAAA TY BD DALAADANI\AV/YV 
oe si RO KK RK RRR 
DQ,-DQg nies —————_—_—— orn VALID DATA-OUT 
WRITE CYCLE —— zip 
—_ ViH— WIAA A/AA/VVJVV\ AAAS V/A) at VV VYVVVYWYJV VV A/VYVV/ 
Wn CARNE ARN 
Vip— AA/A/SVYYVVA/VVVVVVV VV VV YWWVVV VW VV VV VV VV VY NVA SVV VV VV VV 
TE AKL 
| tos tou 
DQ,;-DQg oe — OPEN (| VALID DATA-IN ) 
READ-MODIFY-WRITE tawo———-—] | eal 
a> ViH— AAAWVANYVVIUVV VO VG — ~ twe , AWYIWIWWVVVY 
Ww 1 ORK | tox YK) 


taa-———_ 
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DQ,-DQg viene 
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PACKAGE DIMENSION 





















28-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 

0.720(18.29) 0.027(0.69) 

0.730(18.54) 
3/8 sia Se 48 
o|o NIQ OMIM FE 
he oO!o wm | | 
3/8 2\S 8h 8S 
3|6 g/8 ele ale 

L_| LJ ea 
ial 0.026(0.66) 
0.032(0.81) 0.140(3.56~ - 


0.148(3.76) 






fp ead ge 
HOP RERRLEIRREPTLY 
ah see] L 


28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 


Sco 


0.050(1.27)  ° 
MAX 


0.740 (18.80) 0,03 aces 80) 


tt 


: 0.005 |___ 0.005 1.19 13) 
0.722 (18.36) 0.037 (0.95) 0.008 (0.20) 
0.726 (18.46) 0.041 {0.044 (4.05) 1.05) 
a eee ! 












en Pa | as 
=|8 x; «8/8 
ol|o o asolt (ene 
[l= = cyjo 
oOin oO 3/8 

A w> 
|< SA db 
oj;oO oO o1o 








[S[_on wax] 


0.037 (0.95) | | | | 0.048 (1.22) | 0.016 (0. o} 
‘0.052 (1.32) 0.020 (0.50) 


0.016 (0.40) | | 
0.024 (0.60) — 
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256K x 16 Bit CMOS Dynamic RAM with Fast Page Mode 
FEATURES 


« Performance range: 






KM416C256B/BL/BLL-5 
KM416C256B/BL/BLL-6 60ns 
KM416C256B/BL/BLL-7 | 70ns 
KM416C256B/BLU/BLL-8 | 80ns 

























« Fast Page Mode operation 
+ 2 CAS Byte/Word Read/Write operation 
- CAS-before-RAS refresh capability 
« RAS-only and Hidden Refresh capability 
« Self Refresh operation (LL-version) 
¢ TTL compatible inputs and outputs 
¢ Early write or output enable controlled write 
¢ Triple +5.0V+ 10% power supply 
¢ Refresh Cycle 
-512 cycle/8ms (Normal) 
-512 cycle/64ms (L-version) 
- -§12 cycle/128ms (LL-version) 
Power Dissipation 
-Standby: 5.5mW (Normal) 
1.1mW (L-version) 
0.83mW (LL-version) 
-Active (50/60/70/80): 605/495/440/415mW 
« JEDEC standard pinout 
¢ Available in plastic SOJ and TSOP II 


FUNCTIONAL BLOCK DIAGRAM. 
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GENERAL DESCRIPTION 


The Samsung KM416C256B/BL/BLL is a CMOS high 
speed 262,144 bitx 16 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, graphics and 
high performance portable computers. 


The KM416C256B/BL/BLL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 


The KM416C256B/BL/BLL is fabricated using 
Samsung's advanced CMOS process. 
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KM416C256B/BL/BLL CMOS DRAM 


PIN CONFIGURATION (Top Views) 


* KM416C256BJ/BLJ/BLLJ - KM416C256BT/BLT/BLLT - KM416C256BTR/BLTR/BLLTR 





fo) 


1 
2 
3 
4 
5 
6 
7 
8 
9 
1 


0 1 


COON ONAWNH 





(SOJ) | (TSOP (il)-Forward Type) (TSOP (Il)-Reverse Type) 









Pin Name Pin Function 


Ao-As Address Inputs 
Data In/Out 
Vss Ground 
RAS | Row Address Strobe 


UCAS. | Upper Column 
Address Strobe 










Address Strobe 
Read/Write Input 
__ Data Output Enable 
| 















Fin Name | Pin Function 
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ABSOLUTE MAXIMUM RATINGS 


Parameter 


Voltage on any pin relative to Vss 


Vin, VouT 








Voltage on Vcc supply relative to Vss 


Storage Temperature 





Power Dissipation 








Short Circuit Output Current 


* 


Vcc 


Rating 
-1 to + 7.0 
-1to + 7.0 








Tstg 


-55 to + 150 





Pp 


1 








los 





50 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 


should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMEN DED OPERATING CONDITIONS (Voltage referenced to Vss, TA=0 to 70°C) 


Parameter 


Supply Voltage 








Ground 
Input High Voltage 





Input Low Voltage 

















DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 

































































Parameter Symbol; Min | Max | Units 
KM416C256B/BL/BLL-5 110 mA 
Operating Current* KM416C256B/BL/BLL-6 ee , 90 mA 
(RAS, UCAS or LCAS, Address Cycling @trc=min.) KM416C256B/BL/BLL-7 80 mA 
KM416C256B/BL/BLL-8 75 mA 
Standby Current lec 7 D ma 
(RAS=UCAS=LCAS=W=Vui ) 
+— 
KM416C256B/BL/BLL-5 110 mA 
RAS-Only Refresh Current* KM416C256B/BL/BLL-6 és - 90 mA 
(UCAS=LCAS=Vin, RAS, Address Cycling @trc=min.) KM416C256B/BL/BLL-7 80 mA 
KM416C256B/BL/BLL-8 15 mA, 
KM416C256B/BL/BLL-5 70 mA 
Fast Page Mode Current* KM416C256B/BL/BLL-6 fees 7 60 mA 
(RAS=Vit, UCAS or LCAS, Address Cycling @tec=min.) KM416C256B/BL/BLL-7 55 mA 
KM416C256B/BL/BLL-8 | 50 mA 
KM416C256B 1] mA 
Standby Current 
a : TT Van. KM416C256BL Iccs |r 200 HA 
(RAS=UCAS=LCAS=W=Vcc-0.2V) KM416C256BLL 150 uh 
fe 
a KM416C256B/BL/BLL-5 110 mA 
CAS-Before-RAS Refresh Current” KM416C256B/BL/BLL-6 de 7 90 mA 
(RAS, UCAS or LCAS Cycling @trc=min.) KM416C256B/BL/BLL-7 80 mA 
, KM416C256B/BL/BLL-8 75 | mA 
353 
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DC AND OPERATING CHARACTERISTICS (Continued) 





Parameter 







Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(ViH)=Vec-0.2V 
Input Low Voltage(ViL)=0.2V UCAS=LCAS=0.2V 
Din=Don't Care, TRo=125uS 

Tras=TrRas min.~300ns 


Self Refresh Current 
RAS=UCAS=LCAS=0.2V 
W=0E=Ao-As=Vcc-0.2V or 0.2V 
DQ1-DQi6=Vcc-0.2V, 0.2V or Open 


KM416C256BL 












KM416C256BLL Iccs - 200 HA 














Input Leakage Current 





























(Any input OV <Vin <Vcc+0.5V, all other pins not under test=0 volts) Mu a 10 HA 
Output Leakage Current 

(Data out is disabled, OV<Vout<Vec) HO» |e BaO sh | SAB Ae 
Output High Voltage Level (loH=-5mA) VOH 2.4 - Vv 

















Output Low Voltage Level (loL=4.2mA) 


*NOTE: Icc1, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, address can be changed maximum 
two times while RAS=VIL. In Icca, address can be changed maximum once within one fast page cycle. 


CAPACITANCE (1a=25°c, voo=5v, f=1MHz) 


fe eee ee eee 











Random read or write cycle time 











Read-modify-write cycle time 











Access time from RAS 














_| Access time from CAS 














Access time from column address 
CAS to-output in Low-Z 
Output buffer turn-off delay 






































Transition time (rise and fall) 











RAS precharge time 











RAS pulse width 10,000 | 60 | 10,000 | 70 | 10,000 
RAS hold time 45 | 20 


CAS hold time 50 60 . 
CAS pulse width | 48| 10,000 | 15 | 10,000 40,000 


(*) 50ns Product: VCC=5V + 5%, Cout=50pF 
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KM416C256B/BL/BLL CMOS DRAM 





AC CHARACTERISTICS (Continued) 




























































































-5(*) 6 -7 -8 
Parameter Symboi Units | Notes 
Min} Max | Min) Max | Min| Max | Min| Max 
RAS to CAS delay time treo | 20 20| 50| 20|  60| “ns 
RAS to column address delay time tRAD 15 15 30 [15 35| 15 40] ns 4 
CAS to RAS precharge time ; tcRP 5 — 5 5 5 ns 11 
Row address set-up time tasR 0 0 0 0 ns 
-| Row address hold time tran | 10 10 10 10 ns 
Column address set-up time tasc 0 0 0 0 ns 
Column address hold time toaH 10 10 15 | 15 ns i 
Column address hold time referenced to RAS tar | 40 45 55 _|_ 60 ns 
Column address to RAS lead time tRAL 25 30 35 40 ns 6 
Read command set-up time tRCS 0 0 0 0 
Read command hold time referenced to CAS tRCH 0 0 0 0 
Read command hold time referenced to RAS tRRH 0 0 0 0 
Write command set-up time twcs 0 ri 0 0 
Write command hold time tWCH 10 | 10 





Write command hold time referenced to RAS twcr | ao] | as 50 55 
Write command pulse width tw 
Write command to RAS lead time tRWL | 5] | 15 15 20 ns 
Write command to CAS lead time tcwL | a5] | asf | 15 - 20 ns 
Data-in set-up time tDs 0 | fol 0 0 ns 
Data-in hold time tow | to] | 10, 15 15 ns | 10 





me] 

_ 
oa 
= 
ao 
— 
Oo 













































































































































Data-in hold time referenced to RAS 55 60 ns 10 
Refresh period (Normal) 8} | 8\ms| 6 
Refresh period (L-version) 64. 64! ms 
Refresh period (LL-version) 128 128 | ms 

CAS to W delay time 50 50 ns [ 
RAS to W delay time 95 105 | ns 8 
Column address to W delay time 60 * 65 ns 8 
CAS precharge to W delay time ; 65 70 ns 8 
CAS set-up time (CAS-before-RAS refresh) 10 10 ns 

CAS hold time(CAS-before-RAS refresh) 10 10 ns . 

RAS precharge to CAS hold time 5 5 ns 

CAS precharge time (C-B-R counter test cycle) tcpt | 20 20 25 | 30 ns 

Access time from CAS precharge {CPA 30 35 40 45) ns 3 
Fast page mode cycle time tec 35 40 45 | —50 ns 

Fast page mode read-modify-write cycle time | tec | 80 | 80 | 95 | 100 ns : 








RAS pulse width Fast Page Mode) | trasp | 50| 100K| 60/ took} 70| 100K] 80| 100K] ns 


(*) 50ns Product: VCC=5V + 5%, Cout=50pF 
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AC CHARACTERISTICS (continuec) 
amr flO a 


RAS hold time from CAS precharge | tcp | 30] | 35 | 


CAS precharge time (Fast Page Mode) 
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(*)50ns Product: VCC=5V + 5%, Cout=50pF 


KM416C256B Truth Table 


DQ1-DQs DQe-DQi6 





DQ-IN Upper Byte Write 
DQ-IN Word Write 
HI-Z 
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phe 
. An initial pause of 200us is required after power-up followed by any 8 RAS-only or CAS- before-RAS refresh 


cycles before proper device operation is achieved. 
2. Viniminy) aNd Vitimax) are reference levels for measuring timing of input signals. Transition times are measured 
between Vitimin) and Vit(max) and are assumed to be 5ns for all inputs. 
3. Measured with a load equivalent to 2 TTL loads and 100pF. 
4. Operation within the trcpimax limit insures that tracimax) can be met. trcpimax) is specified as a reference point 
only. If tacp is greater than the specified trcpimax) limit, then access time is controlled exclusively by tcac. 
. Assumes that tacp2trcpimax)- , , 
. tar, twor, tour are referenced to trapimax). 
. toFFimax) defines the time at which the output achieves the open circuit condition and is not referenced 
to Vou or VoL. 

8. twcs, trwo, tcwo and tawp are non restrictive operating parameters They are included in the data sheet as elec- 
trical characteristics only. If twcs2twcsimin) the cycle is an early write cycle and the data output will remain high 
impedance for the duration of the cycle. If tewo2tcwoimin), tawo2trwormin), tawo2tawoimin) then the cycle is a 
read-write cycle and the data output will contain the data read from the selected address. If neither of the above 
conditions are satisfied, the condition of the data out is indeterminate. 

9. Either trcH or taaH must be satisfied for a read cycle. 

10. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in 
read-write cycles. 

11. Operation within the trapimax) limit insures that tracimax) can be met. trapimax) iS Specified as a reference point 
only. If trap is greater than the specified tRapimax) limit, then access time is controlled by taa. 

12. 512 cycles of burst refresh must be executed within 8ms before and after self refresh, In order to meet refresh 
specification. 

13. tasc, tcAH are referenced to the earlier CAS falling edge. 

14. tcp is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the next cycle. 

15. town is referenced to the later CAS falling edge at word read-modify-write cycle. 

16. tcw is specified from W falling edge to the earlier CAS rising edge. 


NOOO 


LCAS 


UCAS 


ADD. OEE PR SR) 


al 











17. tcsr is referenced to earlier CAS falling low before RAS transition low. 
18. tcur is referenced to the later CAS rising high after RAS transition low. 


(eee a en aoe 


rc 
ie) 
> 
nr 








UCAS oS 
(—; tour 
, ELECTRONICS ; 











KM416C256B/BL/BLL | CMOS DRAM 





19. tos, tdH is independetly specified for lower byte Din(1~8), upper byte Ding~16). 
CCAS 


UCAS 


tos 


tos tou : 
00,~Do, SESE 


OOOAaSY av aS ALYY 
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TIMING DIAGRAMS 
WORD READ CYCLE 
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TIMING DIAGRAMS (Continued) 
LOWER BYTE READ CYCLE 
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KM416C256B/BL/BLL - CMOS DRAM 





TIMING DIAGRAMS (continued) 
WORD WRITE CYCLE (EARLY WRITE) : 
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TIMING DIAGRAMS (continued) 
UPPER BYTE WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAMS (continued) | 
LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 
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TIMING DIAGRAMS (Continued) 
WORD READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS (Continued) 
UPPER-BYTE READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE LOWER BYTE READ CYCLE 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE WORD WRITE CYCLE (EARLY WRITE) 
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~ TIMING DIAGRAMS (continued) 
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TIMING. DIAGRAMS (Continued) 
FAST PAGE MODE LOWER-BYTE-READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS (Continued) 


RAS ONLY REFRESH CYCLE 
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TIMING DIAGRAMS (continued) 
HIDDEN REFRESH CYCLE (READ) 
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TIMING DIAGRAMS (Continued) 


CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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PACKAGE DIMENSION oe 
40-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


1.020(25.91) 0.025(0.64) 
r 1.030(25.16) 7 : r MIN 
zi Y | 














0.395(10.03) 
0.405(10.29) 
0.435(11.05) 
0.445(11.30) 
0.008(0.20) 
0.012(0.30) 
0.365(9.27) 
0.375(9.53) 
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a: cane 











Le 
0.130(3.30) 
0.140(3.56) 








Ee LILILICILCICILICILICITCILI 
= 2 0.026(0.66) 
0.030(0.76) 








C)| 0.004(0.1) y 





0.016(0.41) 0.050 (1.27) 0.050(1.27) 
0.020(0.51) TYP MAX 


40 LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (Il) 
(Forward and Reverse Type) 








0.80 TYP 
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256K x 16 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES 


¢ Performance range: 











KM416C254B/BL/BLL-5 | 50ns 
KM416C254B/BL/BLL-6 | 60ns 
KM416C254B/BL/BLL-7 | 7Ons 












110ns | 24ns | 









¢ Fast Page Mode with Extended Data Out 
« Byte word Read/Write operation 
- CAS-before-RAS refresh capability 
- RAS-only and Hidden Refresh capability 
* Self Refresh operation (LL-ver) 
¢ TTL compatible inputs and outputs 
¢ Early write or output enable controlled write 
¢ Triple +5V+10% power supply 
¢ Refresh Cycle 
-512 cycle/8ms (Normal) 
-512 cycle/64ms (L-version) 
-512 cycle/128ms (LL-version) 
Power Dissipation 
-Standby : 5.5mW(Normal) 
1.14mW(L-version) 
: 0.83mW(LL-version) 
-Active (50/60/70 ): 605/495/440 mW 
« JEDEC standard pinout 
« Available in plastic SOJ and TSOP II 


FUNCTIONAL BLOCK DIAGRAM 
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Vppb 
Vss 
VBB Generator 


GENERAL DESCRIPTION 


The Samsung KM416C254B/BL/BLL is a CMOS high 
speed 262,144 bitx16 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, graphics and 
high performance portable computers. 


The KM416C254B/BL/BLL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides.on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 


The KM416C254B/BL/BLL is fabricated using 
Samsung's advanced CMOS process. 








Memory Array 
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Buffer 
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PIN CONFIGURATION (Top Views) 





















































* KM416C254BJ/BLJ/BLLJ - ¢ KM416C254BT/BLT/BLLT e KM416C254BTR/BLTR/BLLTR 
Vec 10 Vec 1° Vss 1 Veco 
DQi qj 2 DQ: 2 DQie 2 DQi 
DQ2 1 3 DQz2 3 DQi5 3 DQe2 
DQs qd 4 DQ3 4 DQi4 4 DQ3- 
DQ 4 5 DQas 5 DQi3 5 DQ4 

6 Voc 6 Vss 6 Vcc 
Vcc 
DQs 7 DQi2 7 DQs 
DQs 7 DQs 8 Dan 8 DQe 
DQs 4 8 Dar mJ 9 DQ0 9 En Dar 
DQ7 DQs 1 DQe 0 FD DQs 
DQs 
N.C. 
N.C. N.C. N.C. N.C. 
W N.C. CCAS N.C. 

RAS Ww UCAS WwW 

N.C RAS OE RAS 
° At N.C. As 1 N.C. 
. Ao Az TT) Ao 
Al Ai As TT A 
Ae Ae As 18 0 A2 
A3 A3 A 19 [-D As 
Voc Vcc Vss 20 [7D Vec 

Address Inputs 
Data In/Out 
Ground 
Row Address Strobe 
Upper Column Address Strobe 
Lower Column Address Strobe 
Read/Write Input 
Data Output Enable 
Power(+5V) 
No Connection 
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ABSOLUTE MAXIMUM RATINGS 









Parameter 





Voltage on Vcc supply relative to Vss 





Voltage on any pin relative to Vss Vin, Vout 


Symbol 








Storage Temperature 
























Power Dissipation 














Short Circuit Output Current 





Vcc -1~+7.0 Vo 
Tstg -55 to + 150 °C 
1 WwW 








50 








* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


Supply Voltage 








Ground 





Input High Voltage 








Input Low Voltage 











DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 






















































































Parameter Symbol} Min | Max 
Operating Current” KM416C254B/BL/BLL-5 110 mA 
—_ : : KM416C254B/BL/BLL-6 Icc1 - 90 mA 
(RAS, CAS, Address Cycling @trc=min.) KM416C254B/BL/BLL-7 80 sg 
Standby Current _ feos 7 9 aah 
(RAS=UCAS=LCAS=W=VI ) 
SAG KM416C254B/BL/BLL-5 110 mA 
RAS-Only Refresh Current* 
TARE =a : ; KM416C254B/BL/BLL-6 Icc3 - 90 mA 
(UCAS=LCAS=Vin, RAS, Address Cycling @trc=min.) KM416C254B/BL/BLL-7 80 rah 
Hyper page Mode Current’ KM416C254B/BL/BLL-5 70 mA 
Bee ss : : KM416C254B/BL/BLL-6 loca - 60 mA 
(RAS=Vit, ORS: Address Cycling @tec=min.) KM416C254B/BL/BLL-7 55 rn 
KM416C254B 1 mA 
Standby Current 
Ta : eee KM416C254BL Ices - 200 LA 
(RASSUCAS=LCAS=W=Voo-0.2V) KM416C254BLL | 150 | pA | 
aa =a ; KM416C254B/BL/BLL-5 110 mA 
TAS and UCHSLGAS C Sst eas ~ KM416C254B/BL/BLL-6 ics. | - | 90 | mA 
aca sala KM416C254B/BL/BLL-7 80 | mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voitage(Vin)=Vcc-0.2V 
Input Low Voltage(ViL}=0.2V KM416C254BL Icc7 - 300 LA 
UCAS=LCAS= 0.2V 
Din=Don't Care, TRo=125uS TRas=TRas min.~300ns | 
Seif Refresh Current 
RAS=UCAS=LCAS=0.2V 
WeOE=Ao-As=Vcc-0.2V or 0.2V KM416C254BLL iccs - 200 HA 
DQ1-DQ16=Vcc-0.2V, 0.2V or Open 
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DC AND OPERATING CHARACTERISTICS (ontinuea) 


(Recommended operating conditions unless otherwise noted) 






Parameter 



































Input Leakage Current iii -10 10 A 
(Any input 0<Vin <Vcc+0.5yV, all other pins not under test=0 volts.) ad B 
Output Leakage Current 

(Data out is disabled, 0V<Vout<Vec) | 0 | 0 | TGS | ee 
Output High Voltage Level (loH=-5mA) Von | 2.4 a yow 
Output Low Voltage Level (loL.=4.2mA) VoL - 0.4 V 


-*NOTE: Icc1, Icc3, Icc4 and icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, address can be changed maximum 
two times while RAS=ViL. In Icc4, address can be changed maximum once within one hyper page cycle. 


CAPACITANCE (1a=25°c, Vec=5V, f=1MHz) 


Parameter 
Input Capacitance (Ao~As) 
Input Capacitance (RAS, UCAS, LCAS, W, OE) 








Input Capacitance (DQi1~DQ16) 





AC CHARACTERISTICS (o°c<tTa<70°C, vec=5V+10%, See notes 1,2) 
- Test condition : Vir/Vi=2.4/0.8V, Voh/Vol=2.0/0.8V, Output loading CL=100pF 






























































-5(*) -6 -7 
Parameter Symbol : ——_—_}——_--—— Units | Notes 
| Min| Max | Min | Max | Min| Max 
Random read or write cycle time tRC 90 110 130 ns 
Read-modify-write cycle time trwc | 135 155 185 | ns 
Access time from RAS tRAC 50 60 70| ns | 3,4,11 
Access time from CAS tcac 17 17 20} ns | 3,45 
Access time from column address tAA 25 30 35 ns 3,11 
CAS to output in Low-Z tcLz 3 83 ns 3 
Turn-off delay from CAS tCEZ 13 3 15 3 20| ns 7,14 
Transition time (rise and fall) ; “tr 50 2 50 | 2 50] ns 2 
RAS precharge time tRP 40 50 ns 
RAS pulse width tRAS 10,000} 60) 10,000) 70] 10,000} ns 
RAS hold time tas a | 20| ns 
CAS hold time tcsH 50 60 ns 
CAS pulse width tCas 10,000} 10] 10,000; 15 meen ns 12 
RAS to CAS delay time tRCD 37} 20 45] 20 50} ns 4 
RAS to column address delay time tRAD 25 15 30 15 35} ns 11 
CAS to RAS precharge time tCRP 5 5 ae 
Row address set-up time ___|_tASR 0 2 at 8 |__ns 
Row address hold time | tRAH 10° 10 ns 


























(*) -50ns Product : Output Loading (CL)=50pF, Voc=5V + 5% 
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KM416C254B/BL/BLL CMOS DRAM 
_ AC CHARACTERISTICS (continueg) 
-5(*) 6 -7 
Parameter Symbol a Units | Notes 
Min | Max | Min| Max | Min} Max 

Column address set-up time | _tasc 0 0 ‘} 0 ns 
Column address hold time |_ tcaH 8 10 | 1 ns fl 
Column address hold time referenced to RAS tar 40 45 [ 55 ns 6 
Column address to RAS lead time tRAL 25 30 | 35 ns 
Read command set-up time tRCS 0 [ 0 ns 
Read command hold time referenced to CAS tRCH 0 ns 9 
Read command hold time referenced to RAS tRRH 0 ns 9 
Write command hold time tWCH 10 10 | 10 4,08 
Write command hold time referenced to RAS twcr 40 45 50 ns 6 
Write command pulse width twp 10 10 | 10 ns [ 
Write command to RAS lead time tRWL 13 15 20 ns 
Write command to CAS lead time | tow. 8 10 | 15 ns 
Data set-up time tos | 0 al | 0 ns 10 
Data hold time tDH 10 { 10] 15 ns 10 
Data hold time referenced to RAS {DHR 45 55 ns 6 
Refresh period (Normal) | tREF = 8 8 8; ms 
Refresh period (L-version) tREF 64 64 64; ms 
Refresh Period(LL-version) tREF | | 128 128 128; ms | 
Write command set-up time twcs | o| 0 0 ns 8 
CAS to W delay time tcwo | 40 42 50 | ns 8 
RAS to W delay time trwo | 73 85 95 ns 8 
Column address to W delay time tawD 48 55 | 60 ns 8 
CAS precharge to W delay time tcpwo| 53 | 60 65 | ns 
CAS set-up time (CAS-before-RAS refresh) tcsR 10 10 10 ns 
CAS hold time (CAS-before-RAS refresh) tCHR 10 10 fi 10 ns | 
RAS to CAS precharge time || trpc 5 5 5 ns 
CAS precharge time (C-B-R counter test cycle) | tCPT 20 20 25 ns | 
Access time from CAS precharge tcPA 30 35 L 40; ns: 3 
Hyper Page mode cycle time tHPC 20 24 29 ns 12 
Hyper Page mode read-modity-write cycle time tHPRWC | 62 71 | | 81 ns 12 
CAS precharge time (Hyper Page mode) |_tcr 8 10 | 10 ns 
RAS pulse width (Hyper Page mode) tRASP 50 100K! 60 100K) 70 100K! ns 
RAS hold time from CAS precharge 40 ns 
OE access time 15 20} ns | 
OE to Output in Low-z 3 ons 
OE to data delay ) 20 ns 
Output buffer turn off delay time from OE 15 3 20; ons | 
(*) -50ns Product : Output Loading (CL)=50pF, Vcc=5V + 5% 
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AC CHARACTERISTICS (continued) 































































































; -5(*) 6 7 
Parameter Symbol Units | Notes 
| Min| Max | Min| Max | Min| Max 
OE commend hold time tOEH 15 eu 20 ns 
Output data hold time ‘| tOOH oh 5 5 | ns 
Output buffer turn off delay from RAS ‘| trez 13 3[ 15| 3] 20| ns | 7,14 
Output buffer turn off delay from W tweEz 13| 3 15 3 20] ns 7 | 
a Se a - 
W to data delay tweD = 15 20 ns 
OE to CAS hold time = tocH | 5 | 2H 5 ns_| 
CAS hold time to OE tCHO be 5 5 ns - 
— ; ; es ‘ TaSan 7 
OE precharge time | toeP 5 5 [ons | 
W pulse width (Hyper Page Cycle) , twPE =e S| __| 5 | ns 
RAS pulse width(LL-ver) “ tRASS 100 100 us | 13 
RAS precharge time (LL-ver) tRPS 110 130 ns | 13 iz 
CAS hold time (LL-ver) ice -50 -50 “| as 13 
(*) -5Ons Product : Output Loading (CL)=50pF, Vcec=5V + 5% 
KM416C254B/BL/BLL Truth Table 
RAS | LCAS | UCAS | W | OE | Dai-Das DQo-Dar6 STATE 
H x X X xX. HI-Z HI-Z Standby 
bos H H x HI-Z HI-Z "Refresh 
L L ad H H L DQ-OUT HI-Z Byte Read 
L H L H ae L HI-Z 7 DQ-OUT Byte Read 
j— | is 4 
L L L H | ot pa-ouT | D@OUT __| Word Read 
L tL | oH Se H DQ-IN Byte Write 
- - r 
L. mera 
L H L L H - it DQ-IN Byte Write 
api aa L Lc [4 DIN | DQIN | Word Write 
L L L H H HI-Z Hi-Z - 
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NOTES 


1. An initial pause of 200us is required after power-up followed by any 8 ROR or CBR cycles before device operation 
is achieved. 

2. Vin(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are measured 

between ViH(min) and ViL(max) are assumed to be 5ns for all inputs except tHPc and tHPRWC. 

. Measured with a load equivalent to 2 TTL loads and 100pF 

4. Operation within the trcp(max) limit insures that tRac(max) can be met. trcp(max) is specified as a reference point 

only. If taco is greater than the specified tRcp(max) limit, then access time is controlled exclusively by tcac. 

. Assumes that trop > trcp (max). 

. tar, twCR, tDHR are referenced to trap(max). 

7. This parameter defines the time at which the output achieves the open circuit condition and is not referenced to 
VOH or VoL. 

8. twcs, tRwD, tcwp and tawop are non restrictive operating parameters. They are included in the data sheet as electric 
characteristics only. If twcs>twcs(min) the cycle is an early write cycle and the data output will remain high 
impedance for the duration of the cycle. If tcwo>tcwp(min), tawo>tRwo(min) and tawp>tawp(min), then the cycle 
is a read-write cycle and. the data output will contain the data read from the selected address. If neither of the 
above conditions are satisfied, the condition of the data out is indeterminate. 

9. Either tRcH or tRRH must be satisfied for a read cycle. 

10. These parameters are referenced to the CAS leading edge in early ‘write cycles and to the W leading edge in read- 
write cycles. , 

11. Operation within the trap(max) limit insures that trac(max) can be met. tRap(max) is specified as a reference point 
only. {f tRaD is greater than the specified trap(max) limit, then access time is controlled by taa. 

12. tasc > tcp min, Assume tT=2.0 ns 

13. 512 cycle of burst refresh must be executed within 8ms before and after self refresh in order to meet refresh 
specification (LL-Ver) 

14. If RAS goes high before CAS high going, the open circuit condition of the output is achieved by CAS high going. If 
CAS goes high before RAS high going, the open circuit condition of the output is achieved by RAS high going. 

15. tasc, tcaH are referenced to the earlier CAS falling edge. 

16. tcp is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the next cycle. 

17. tcwo is referenced to the later CAS falling edge at word read-modify-write cycle. 

18. tcwL is specified from W falling edge to the earlier CAS rising edge. 
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19. tcsr is refernced to earlier CAS falling low before RAS transition low. 
20. tcHR is referenced to the later CAS rising high after RAS transition low 
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CSR ic . 


21. tds, toH, is independently specified for lower byte Din(1-8), upper byte Din(g~16) . 
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UPPER BYTE WRITE CYCLE (EARLY WRITE) 
NOTE : DouTt=OPEN 


UCAS 


LCAS 


> 


or 
mi 


DQ:1~DQs 


DQo~DQi6 


oi” 


tRAS 
Viq — 
Vit — 


tcRP tesH— tcrp. 
ViH_ _ 


TCAs Y 


my N 


tRcD tRSH 


Vin — wyT 
KY 


Vi — 





tASR 


: ial ne 
| ae 


XKKKKY art | UR RXLLYNRLRLELEN 


Vin 
Vit — 


ViH — 
Vit — 


XK KKK XK KKK KKK KKK KKK KKK KKK) 
OOOO OOOO 


Vin _ 
Vit — 


tDH 


XAAXAKAXIA ore _ BOX AXXAXA AAA? 
[XX] Don't -_ 


ViH — 
Vit — 


386 


ELECTRONICS 


KM416C254B/BL/BLL CMOS DRAM 


WORD WRITE CYCLE (OE CONTROLLED WRITE) 
NOTE : DouT=OPEN 








-b— tRC ; | 





VIH 
Vit — 


tcrP tes tcrP 


-tRCD tRSH 
a 








ost at MiP 7 
URS KY 











\ ane a 
tcrP — | lo | ¥ 
tRCD tRSH 
TORS VIH — DO \\ tcas fk 
vi—- JAY 1 


TRAD 











tRAL 








tRAH 
taSR tasc | tCAH 


ve QO aoortss ROX aooness MOOK) 
tcwL 
tRWL 


w DOK XXX” LOK KX XK XK KKK 


Fe ees 


> 


= ROO 


ps ‘-— ne 
ViH 
Dae-Dow CX ate ROO OK KX 





Don't Care 


ELECTRONICS 


KM416C254B/BL/BLL CMOS DRAM 


LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 
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PACKAGE DIMENSION 
40-LEAD PLASTIC SMALL OUT-LINE J-LEAD | Units: Inches (millimeters) 
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256K x 16 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


« Performance range: 





























tRAC tcac tre 
KM416C156B/BL/BLL-5 50ns 15ns 90ns 
KM416C156B/BL/BLL-6 60ns 15ns | 110ns 
KM416C156B/BL/BLL-7 70ns 20ns | 130ns 
KM416C156B/BL/BLL-8 80ns 20ns [ 150ns 
+ Fast Page Mode operation 
¢ Byte Write operation (2W) 


Word Read/Write operation 
CAS-before-RAS refresh capability 
RAS-only and Hidden Refresh capability 
Self Refresh Operation (LL-version) 
TTL compatible inputs and outputs 
Early write or output enable controlled write 
Triple +5V+10% power supply 
Refresh Cycle 
-512 cycle/8ms refresh 
-512 cycle/64ms (L-Version) 
-512 cycle/128ms (LL-Version) 
Power Dissipation 
-Standby: 5.5mW (Normal) 

1.1mW (L-version) 

0.83mW (LL-version) 
-Active (50/60/70/80): 605/495/440/415mW 
¢ JEDEC standard pinout 
* Available in piastic SOJ and TSOP (I) 


FUNCTIONAL BLOCK DIAGRAM 
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GENERAL DESCRIPTION 


The Samsung KM416C156B/BL/BLL is a CMOS high 
speed 262,144 bitx16 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as minicomputers, graphics and high 
performance portable computers. ; 


The KM416C156B/BL/BLL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 


The KM416C156B/BL/BLL is fabricated using 
Samsung's advanced CMOS process. 
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PIN CONFIGURATION (Top Views) 


* KM416C156BJ/BLJ/BLLJ ¢ KM416C156BT/BLT/BLLT ¢ KM416C156BTR/BLTR/BLLTR 
190 Vss Vec 1° Vss Vss { 
2 DQi6 DQi 2 DQi6 DQi6 2 
3 DQis DQ2 3 DQ1s DQis 3 
4 DQ. DQs3 4 DQu4 DQ 4 
5 DOs DQ4 5 DQi3 DQi3 5 
6 Vss Vec 6 Vss Vss 6 

DQs 7 DQui2 DQi2 7 
7 DQue DQs I 8 Dai DQn 8 
DQn Dar 14 9 DAI DAt0 9 
DQi0 DQs 1 DQs DQo 0 
DQs 
N.C. 
N.C. N.C N.C. N.C. 
GAS [Ww N.C. . N.C. 
OE UW CAS CAS 
ra RAS OE OE 
N.C. As As 
Az Ao A7 Az 
As At As As 
As Ao As AS 
AA A3 Aa Aa 
Vss Vcc Vss Vss 17] 



















[PinName | __PinFunction 
Address Inputs 


Ground 
Row Address Strobe 


Column Address Strobe 


Read Upper Byte Write Input 


| ws Read Lower Byte Write Input 
| OF Data Output Enable 


Vss 

RAS 

CAS 

Uw 

LW 

Vcc Power(+5V) 


No Connection 
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ABSOLUTE MAXIMUM RATINGS 







Parameter 
Voltage on any pin relative to Vss 
Voltage on Vcc supply relative to Vss 
' Storage Temperature 























Power Dissipation 
Short Circuit Output Current 





* 


























Vin, VouT -1 to + 7.0 V 
Vcc -1 to + 7.0 V 
Tstg -55 to + 150 °C 

eae Ee 
Pp 1 WwW 
los 50 mA 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 








should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS {Voltage referenced to Vss, Ta=0 to 70°C) 




































































































Symbol 
Supply Voltage 5.5 V 
0 Vv 
Input High Voltage Vcc +1 Vv 
Input Low Voltage V 
DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 
Parameter Symbol| Min | Max | Units 
KM416C156B/BL/BLL-5 110 mA 
Operating Current* KM416C156B/BL/BLL-6 ee ' 90 mA 
(RAS and CAS Cycling @trc=min.) KM416C156B/BL/BLL-7 80 mA 
KM416C156B/BL/BLL-8 75 mA 
> 
Standby Current 
(RAS=CAS-UW=LW=Vix ) oc ie eae Riu: 
a KM416C156B/BL/BLL-5 110 mA 
RAS-Only Refresh Current" KM416C156B/BL/BLL-6 neh ¥ 90 mA 
(CAS=Vin, RAS Cycling @tac=min.) KM416C156B/BL/BLL-7 80 mA 
KM416C156B/BL/BLL-8 75 mA 
KM416C156B/BL/BLL-5 70 mA 
Fast Page Mode Current* KM416C156B/BL/BLL-6 tec _ 60 mA 
(RAS=ViL, CAS, Address Cycling @tec=min.) KM416C156B/BL/BLL-7 55 mA 
KM416C156B/BL/BLL-8 50 mA 
Grandia Current KM416C156B ia 1 mA 
(AS_CASAUW=LWT-Vc0-0 oy KM416C156BL loos - | 200 | mA- 
Tae Ie OTE, ® . KM416C156BLL | 150 HA 
1 
peas KM416C156B/BL/BLL-5 110 | mA 
CAS-Before-RAS Refresh Current* KM416C156B/BL/BLL-6 ices ; 90 mA 
(RAS and CAS Cycling @trc=min.) KM416C156B/BL/BLL-7 80 mA 
~KM416C156B/BL/BLL-8 75 mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(Vin)=Vcc-0.2V 
Input Low Voltage(ViL)=0.2V KM416C156BL Icc7 - 300 LA 
CAS=0.2V Din=Don't Care, Tac=125S(L-ver), 
Tras=Tras min.~300ns 
411 
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DC AND OPERATING CHARACTERISTICS (Continuec) 


(Recommended operating conditions unless otherwise noted) 






























































Parameter 
Self Refresh Current ; 
RAS=CAS=0.2V KM416C156BLL Iccs 200 LA 
xW=OE=A0-As=Vcc-0.2V or 0.2V 
Input Leakage Current In) -10 10 A 
(Any input 0< Vin <Vcc+0.5yV, all other pins not under test=0 volts.) , uta e 
Output Leakage Current : 
(Data out is disabled, OV<Vout<Vec) low) a ee We 
Output High Voltage Level (lo()=-5mA) VOH 2.4 - V 
Output Low Voltage Level (loi)j=4.2mA) VOL - 0.4 Vv 





*NOTE: Icc1, Icc3, Icc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Iccs, address can be changed maximum 
two times while RAS=VIL. In Icc4, address can be changed maximum once within one fast page cycle. 


CAPACITANCE ta=25°c, Vcc=5v, f=1MHz) 


Input Capacitance (Ao~As) 








Input Capacitance (RAS, CAS, LW, UW, OE) 
Input Capacitance (DQ1~DQ16) 


“AC CHARACTERISTICS (0°c<ta<70°C, Vec=5V+10%, See notes 1,2) 








































































































Parameter Symbol sal [Pee a oa Units | Notes 
Min| Max | Min| Max | Min | Max | Min| Max | 

Random read or write cycle time tre | 90 110 130 150 ns | 
Read-modify-write cycle time tawc E 155 185 205 || ns | 
Access time from RAS tRAC 60 =I 70 | 80| ns | 3,411 | 
Access time from CAS tcac 15 20 20| ns | 345 
Access time from column address tAA 30 | 35 40] ns 3,11 
CAS to output in Low-Z tciz 0 of 0 hee 0 3 
Output buffer turn-off delay tOFF 0 0; = =18 0 15 0 15| ns 7 
Transition time (rise and fall) tT 3 3 al oo 50 3 50) ns 2 
RAS precharge time tRP 30 40 | 50 [ool ns 
RAS pulse width 1 as eee “iE 10,000 = 10,000 | 80 10,000 
RAS hold time trsH | 15 15 20 20 
CAS hold time | cL tess Ta 60 | +2 = 80 
CAS pulse width cae 15 15 | 10,000} 20 oe 20 10,000. 
RAS to CAS delay time tacd | 20 “20 | Bt 20 50 | 20 60} ns 4 
RAS to column address delay time tran | 15 15 30] 15 35] 15 40 | ns 117 
CAS to RAS precharge time tcrP 5 mH s| 45 ns 
Row address set-up time . taSR 0 0 0 0 ns 

















(*) 50ns Product:Vcc=5V + 5%, Cout=50pF 
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AC CHARACTERISTICS (ontinuea) 
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-5(*) 6 7 -8 
Parameter Symbol Units | Notes 
Min} Max | Min} Max | Min) Max | Min| Max 

Row address hold time tRAH 10 10 10 10 ns 
Column address set-up time tasc 0 0 “0 0 ns 
Column address hold time tcAH 10 10 15 15 ns 
Column address hold time referenced to RAS taR | 40 45 55 60 ns 6 
Column address to RAS lead time tRAL 25 30 35 40 ns 
Read command set-up time tRCS 0 0 0 |_ns 
Read command hold balls referenced to CAS tRCH 0 0 0 0 | ns 9 
Read command hold time referenced to RAS tRRH 0 0 0 0 ns ) 
Write command hold time twcH | 10 10 10 10 ns 
Write command hold time referenced to RAS twcR | 40 45 50 55 ns a 6 
Write command pulse width twp 10 10 10 10 ns 
Write command to RAS lead time tRWL 15 15 15 a 20 ns 
Write command to CAS lead time tCwL 15 15 15 20 ns 
Data set-up time tos 0 0 | 0 0 1 ns 10 | 
Data hold time tDH 10 10 15 15 ns 10 
Data hold time referenced to RAS tDHR | 4} | 45 55 60 ns 6 
Refresh period (Normal) "tREF ie 8 8 8| ms 
Refresh period (L-Version) | ter | =| oa | 64 64 64] ms 
Refresh period (LL-Version) tREF he 4 128 128 128 128) ms 
Write command set-up time twcs 0 0 0 ns | 8 
CAS to LW, UW delay time i tow 40 | 50 50 | ns 8 
RAS to LW, UW delay time tRwo 85 [_ 95 105 ns 8 
Column address to LW, UW delay time tawD 55 60 65 | ns 8 
CAS precharge to W delay time tcpwo 60 65 70 ns 
CAS set-up time (CAS-before-RAS refresh) tcsR 10 10 10 ns 
CAS hold time (CAS-before-RAS refresh) tcHR 10 10 15 ns 
RAS to CAS precharge time tRPC 5 5 5 ns 
CAS precharge time (C-B-R counter test cycle) [ tcPT 20 25 30 ns 
Access time from CAS precharge tcPA 30 35 40 45} ns 3 
Fast Page mode cycle time tpc 40 45 50 ns 
Fast Page mode read-modify-write cycle time tPRWC 80 | 95 100 | | ns 
CAS precharge time (Fast Page mode) tcp 10 10 10 ns 
RAS pulse width (Fast Page mode) tRASP 100K | 60 100K | 70 100K | 80 100K | ns 
RAS hold time from CAS precharge tRHCP 35 40 45 ns 

| OE access time tOEA 15 15 20 20] ns 
OE to data delay tOED 15 20 20 | ns 
Out put buffer turn off delay time from OE toEz 15 0 15 0 20 0 20} ns 7 
(*) 50ns Product:Vcc=5V + 5%, Cout=50pF 
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AC CHARACTERISTICS (Continued) 






































RAS pulse width (C-B-R self refresh) 














RAS precharge time (C-B-R self refresh) 90 
CAS hold time (C-B-R self refresh) | tows | -s0 





OE commend hold time 15 
Masked write set-up time tucs | 0 0 
Masked write hold time referenced to RAS 0 
Masked write hold time referenced to CAS tMCH 0 0 
— 








(*) 50ns Product:Vcc=5V + 5%, Cout=50pF 


KM416C156B Truth Table 








DQ9~DQ16 














Units | Notes 
Min} Max | Min; Max 
20 | | a ns 
0 L 0 ns 
0 0 ns_| 
0 0 ns 
100 100 100 ES 12 
110 130 150 ns 12 
-50 -50 -50 ns 12 








. STATE 
Standby 


Refresh 





Word Read 























Word Write 
Byte Write 
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NOTES 


on 


. An initial pause of 200s is required after power-up 


followed by any 8 ROR or CBR cycles before 
proper device operation is achieved. 


. ViH(min) and Vit(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 
assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads 


and 100pF 


. Operation within the tacp(max) limit insures that 


tRac(max) can be met. trcp(max) is specified as a 
reference point only. If tacd is greater than the 
specified trcp(max) limit, then access time is 
controlled exclusively by tcac. 


. Assumes that trcp > trcb (max). 
. tar, twcr, toHR are referenced to tRAD(max). 
. This parameter defines the time at which the .- 


output achieves the open circuit condition and is 
not referenced to VoH or VoL. 


. twos, trwo, tcwo and tawpd are non restrictive 


operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs > 
twcs(min) the cycle is an early write cycle and the 
data output: will remain high impedance for the 
duration of the cycle. If tcwo>tcwo(min), tawo> 
tRwo(min) and tawo>tawon(min), then the cycle is a 


10. 


11. 


12. 


13. 


14 


15. 


16. 


17. 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRcH or tRRH must be satisfied for a read 


cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the traod(max) limit insures that 
tRac(max) can be met. trad(max) is specified as a 
reference point only. If trao is greater than the 
specified tRap(max) limit, then access time is 
controlled by taa. 

512 cycles of burst refresh must be executed 
within 8ms before and after self refresh, In order to 
meet refresh specification. 

trcs, tMcs are referenced to the later W rising edge 
at early write cycle. 


. twcs is referenced to the later W falling edge at 


early write cycle. 

tcwL, tRwL are referenced to the later W falling edge 
at early write cycle. 

twcn, twp are referenced to the earler W falling 
edge at early write cycle. 
trwp, tawD, tcwo are referenced to the earler W 
falling edge at Read-Modify-write cycle. 
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TIMING DIAGRAM 
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UPPER BYTE WRITE CYCLE (EARLY WRITE) 
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FAST PAGE MODE WORD READ CYCLE 
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FAST PAGE MODE READ-MODIFY-LOWER-BYTE-WRITE CYCLE 
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KM416C156B/BL/BLL CMOS DRAM 
RAS-ONLY REFRESH CYCLE 
NOTE; UW, LW, OE, Diy=Dont Care Doyr=OPEN 
tac 
trap 
Vie tras 
RAS 
Vii 
tore trec 
Vn— YYAAKG PVAVY 
ROY WY 


tasr | | tran 


IVAINALS iN 


CAS-before-RAS REFRESH CYCLE 
NOTE; UW, LW, OE, A=Don't Care 


Vin — 
RAS “ 
Vi — tapc 
top tcsr 
me aa! 
CAS 
Vi — 
torr: 
Vou 
0Q1~DQ16 


trac 


tras 


tour 


trec 


OPEN 


CAS-before-RAS SELF REFRESH CYCLE (LL-version) 


NOTE: W, OE, A=Don't Care 






RAS ViH 
Vii— 
— Vin — 
AS | 1H 
Vit 
pat-pais 4 
OL 





LX 


MNS 


XX] DON’T CARE 





“ith ELECTRONICS 


426 


KM416C156B/BL/BLL | CMOS DRAM 





HIDDEN REFRESH CYCLE (READ) 


Vi — TRAS tRAS F 


RAS 
Vii 


tcre tcHR 
os MIM [Ln AY fT 
“ff 
STOO a KO BE OOOO 
meas i agg 
mS OOOO TT ROOK 


oO I 
= OOOO AK 


tcac 
toiz to 


DQ1~DQ8 DATA-OUT 


torr 
eS —_d 
%/) 
ViH — 


HIDDEN REFRESH CYCLE (WRITE) 
NOTE; Doyt=OPEN 


Ri 
ban Vin tRA tras 
RAS ‘ 
tre 


Vi 


tcrP mel RCD ‘CHR 
os | XX XXX) ee y / 
tasR 


tCAH 


cee A Ae 


«ISR MOT BE MXR 
m2 XOX OO 
oS ORKXKRKMON | |" KKKRXEXKKEXEXERK 
mT RRA RK EER RR KKK KKK EXER 
wren = OXRXRKRRR 5K RRKXXXR RRR 
weoon = SEXXKEXKKKNE 80 _KXEKEXKKKRXRXEN 
: : KX DON'T CARE 
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TIMING DIAGRAMS Continued) 


CAS-before-RAS REFRESH COUNTER TEST CYCLE 
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ea tee ViH— VY AA MAAASYA/ YA AAAA/V¥9 | rANAA/\/ 
UT NRX ee fied | “NOY 
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3 SARK RRO ANON 
WRITE CYCLE ! iS ll ae oe Gee ale 
en Ch ee ae 

Bo ViH— AMANDA A/SYV\AAA/SVV/MA Itwesi ! WCH VVVVVVVYYVJVVWVVVV V/V/V VV/ 
OT ON ARK KRK XRAY 

; Vie VVVVVVVVYVVV VV VV Y VV VV VY VVVV VV VV VV VVV VV VV VV VVVYVV VV VV VY VV 
FE KIKI 
DQ1-DQ16 Re OPEN (vauooataww 

_ - tcwL 
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PACKAGE DIMENSION 
40-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


1.020(25.91) 0.025 (0.64) 
r 1.030(25.16) = : MIN 



















.05) | 


0.008(0.20) 





0.395(10.03) 
0.405(10.29) 
0.445(11.30) 
0.012(0.30) 

0.365(9.27) 
0.375(9 53) 


0.435(11 




















7 
0.130(3.30) 
0.140(3.56) 








rH 


| a 0.026(0.66) 
0.030(0.76) 








C)| 0.004(0.1) 











0.016(0.41) 4 | H E 0.050 (1.27) : L 0.050(1.27) 
0.020(0.51) TYP | MAX 


40 LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (II) 
(Forward and Reverse Type) 











eee | ee ae | 


—- 


. 0.805 TYP 
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256K x 16 Bit CMOS Dynamic RAM with Fast Page Mode 
FEATURES GENERAL DESCRIPTION 


» Performance range: The Samsung KM416C157B/BL/BLL is a CMOS high 
speed 262,144 bitx 16 Dynamic Random Access 
Memory. Its design is optimized for high performance 
KM416C157B/BLBLL-S applications such as minicomputers, graphics and high 
KM416C157B/BL/BLL-6 performance portable computers. , 


KM416C157B/BL/BLL-7 
KM416C157B/BL/BLL-8 











The KM416C1578/BL/BLL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 














Fast Page Mode operation . 
Byte Write operation(2W) 
Word Read/Write operation 
* CAS-before-RAS refresh capability 
RAS-only and Hidden Refresh capability 
RAS-only and Hidden Refresh capability 
Self Refresh operation (LL-version) 
TTL compatible inputs and outputs 
Early write or output enable controlled write 
Triple +5V+ 10% power supply 
Refresh cycle 
-1024 cycle/16ms (Normal) 
-1024 cycle/128ms (L & LL-Ver) 
Power Dissipation 
-Standby: 5.5mW (Normal) 

1.1mW (L-version) 

0.83mW (LL-version) 
-Active (50/60/70/80): 470/385/360/330mW 
+ JEDEC standard pinout 
* Available in plastic SOJ and TSOP (Il) 


FUNCTIONAL BLOCK DIAGRAM 


The KM416C157B/BL/BLL is fabricated using 
Samsung's advanced CMOS process. 
































RAS ; 
CAS Control A 
LW Clocks : ses 
UW VBB Generator Da: 
to 
DQs 
Lower 
Refresh Control Data out 
a Buffer 
. S OE 
oS 
Refresh Counter hdenteny Aira) 2 
262,144x16 = 
< 
Cells o a 
Ao~Ag. —— Row Address Buffer 2 - 
‘ Upper DQi6 
Data out ; 












Buffer 


 No~Az Col. Address Buffer 


Column Decoder 
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PIN CONFIGURATION (Top Views) 


« KM416C157BJ/BLJ/BLLJ « KM416C157BT/BLT/BLLT * KM416C157BTR/BLTR/BLLTR 
Vec {71 oO Vss Vcc 4° Vss Vss 4 Vcc 
DQ: Cy 2 DQi6 DQ 2 DQi6 DQi6 ‘2 DQi 
DQ2 | 3 DQis DQz2 3 DQ15 DQis 3 DQ2 
DQ3 1 4 DQ14 DQs 4 DQi14 DQi4 4 DQ3 
DQs 5 DQ13 DQi3 5 DQa 
DQ4 5 DQi3 
6 Voc 6 Vss Vss 6 Vec 
oe Nes DOs (17 DQi2 DQi2 7K Das 
DQs Y 7 Dare DQ. I] 8 Dan Dan 8 FN DOs 
DQs 8 Dan DQ7 9 DQ10 DQio 9 DQr 
DQ7 DQi0 DQs 10 DQe DQg 10 DQs 
DQs DQ9 
N.C. N.C. 
LW N.C. N.C N.C. N.C. N.C. 
ow CAS LW N.C. N.C. Ww 
PAS OE ow CS OFS ow 
As As RAS OE OE RAS 
Ag As As Ag 
as Ar Ao Az Az Ao 
ms AS AY As As At 
Ae AS Ao As "As Ao 
A3 AA A3 Aa Aa A3 
Vcc Vss Vec Vss Vss Vcc 









































Pin Name Pin Function 
Ao-Ag Address Inputs 
DQ1-16 Data In/Out 

| vss ' Ground 

| RAS I Row Address Strobe 

| CAS | Column Address Strobe 
UW | Read/Upper Byte Write Input 
LW Read/Lower Byte Write Input 
OE Data Output Enable 
Vcc Power(+5V) 

N.C. No Connection 








431 


ELECTRONICS 


KM416C157B/BL/BLL CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS 


T rowercissaton SCSC~SCCi 





Short Circuit Output Current 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMEN DED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


(Parameter | Symbot_[ Min 
Supply Voltage 





Input High Voltage 
Input Low Voltage 











85 mA 



























































_KM416C157B/BL/BLL-5 
Operating Current* KM416C157B/BL/BLL-6 (ici 7 70 mA 
(RAS and CAS Cycling @trc=min.) _| KM416C157B/BL/BLL-7 65 mA 
KM416C157B/BL/BLL-8 60 mA 
Standby Current 
(RAS-CAS-UW-TW-Vin) ee es Pe Nie 
sa KM416C157B/BL/BLL-5 85 mA 
RAS-Only Refresh Current’ KM416C157B/BL/BLL-6 lacs : 70 mA 
(CAS=Vih, RAS Cycling @tRc=min.) KM416C157B/BL/BLL-7 65 mA 
KM416C157B/BL/BLL-8 60 mA 
KM416C157B/BL/BLL-5 65 mA 
Fast Page Mode Current* KM416C157B/BL/BLL-6 ao . 55 mA 
(RAS=ViL, CAS, Address Cycling @tec=min.) KM416C157B/BL/BLL-7 50 .| mA 
KM416C157B/BL/BLL-8 45 mA 
KM416C157B 1 mA 
Standby Current 
TAG_GAS_iW_OW Nec. KM416C157BL ; Iccs - 200 HA 
Riso UNebweveeteY) KM416C157BLL 150 | A 
ee KM416C157B/BL/BLL-5 85 mA 
CAS-Before-RAS Refresh Current* KM416C157B/BL/BLL-6 (a _ 70 mA 
(RAS and CAS Cycling @trc=min.) : KM416C157B/BL/BLL-7 65 mA 
KM416C157B/BL/BLL-8 60 mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(ViH)=Vcc-0.2V ’ : 
Input Low Voltage(Vit)=0.2V KM416C157BL Icc7 - 300 LA 
CAS=0.2V Din=Don't Care, TRco=125uS(L-ver), 





TRAS=TRAS min.~300ns 


‘ 
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KM416C157B/BL/BLL CMOS DRAM 





DC AND OPERATING CHARACTERISTICS (continue) 


(Recommended operating conditions unless otherwise noted) 






‘ Parameter 






Self Refresh Current 








RAS=CAS=0.2V KM416C157BLL Iccs - 200 | vA 
XW=OE=Ao-Ag=Voc-0.2V or 0.2V | 
Input Leakage Current ew -10 40 uA 


(Any input 0< Vin <Vcc+0.5V, all other pins not under test=0 volts.) 











Output Leakage Current 

(Data out is disabled, OV<Vout<Vec) 2/80 Peay ean ee 
Output High Voltage Level (loH=-5mA) VOH 2.4 - V 
Output Low Voltage Level (lo.=4.2mA) VoL - 0.4 V 




















5 eS ee ee 

*NOTE: Icc1, Icc3, Icca and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, address can be changed maximum 
two times while RAS=VIL. In Icc4, address can be changed maximum once within one fast page cycle. 


CAPACITANCE (1a=25°C, Voc=5v, f=1MHz) 





Input Capacitance (RAS, CAS, LW, UW, OE) 








Input Capacitance (DQ1~DQ16) 

























































































Parameter Symbol see Sate Units |} Notes 
Max | Min| Max 
Random read or write cycle time 
Read-modify-write cycle time trwe | 135 | ons 
Access time from RAS trac | 50 60 70 80} ns | 3,4,11 
Access time from CAS toac | 15 15 | 20 | 20 [ns | 34,5 
Access time from column address taA 25 30 35 40; ns 3,11 
CAS to output in Low-Z tciz 0 0 0 0 ns 3 
Output buffer turn-off delay tOFF 0 15 0 15 0 15 0| 15] ns 7 
Transition time (rise and fall) | 3 50 3 so, 3} 0 3| 50 7 ns 2 
RAS precharge time tRP 30 40 50 60 ns 
RAS pulse width tRAS 50 | 10, 60 | 10,000 | 70; 10,000 | 80) 10000; ns 
RAS hold time . trsH | 15 15 20 20) ns 
CAS hold time aa _| tcsH 50 60] 70 80 ns 
CAS pulse width . j_toas | 15 | 10, 15 | 10,000 | 20 | 10,000 | 20) 10000| ns 
RAS to CAS delay time tRCD 20 20| - 45) 20 50] 20 60; ns 4 
RAS to column address delay time tRAD | 15 15 30 | 15 I 35 15 | 40 |_ns 11 
CAS to RAS precharge time {CRP 5 5 | 5 5 | ns 
+Row address set-up time 














* 50ns Product : Vcc=5V+5%, Cout=50pF 
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AC CHARACTERISTICS (continues) 


tRAH 10 


Row address hold time 





Units | Notes 


a [a || 
| Min | Min} Max 


10] | 10 
Column address set-up time tasc 0 0 0 


Column address hold time - {CAH 10 ee 15 
Column address hold time referenced to RAS 


Column address to RAS lead time 





























Read command set-up time 








Read command hold time referenced to CAS 








Read command hold time referenced to RAS 





Write command hold time 








Write command hold time referenced to RAS 





Write command pulse width 




















Write command to RAS lead time 














Write command to CAS lead time 





‘| Data set-up time 
Data hold time 
Data hold time referenced to RAS 


Refresh period (Normal) 


























Refresh period (L,LL-Version) 

Write command set-up time 

CAS to LW, UW delay time 

RAS to LW, UW delay time 

Column address to LW, UW delay time 





























CAS precharge to W delay time 

CAS set-up time (CAS-before-RAS refresh) 
CAS hold time (CAS-before-RAS refresh) 

RAS to CAS precharge time 

CAS precharge time (C-B-R counter test cycle) 
























































Access time from CAS precharge 








‘Fast Page mode cycle time 











Fast Page mode read-modify-write cycle time 











CAS precharge time (Fast Page mode) 
RAS pulse width (Fast Page mode) 
RAS hold time from CAS precharge 

OE access time . 

OE to data delay 












































Out put buffer turn off delay time from OE 




















OE commend hold time 
*50ns Product : Vcc=5V+5%, Cout=50pF 
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AC CHARACTERISTICS (continued) 
















Parameter 


Masked write set-up time tMcs 0 


Masked write hold time referenced to RAS tMRH 0 


ns 








ns 














Masked write hold time referenced to CAS tMCH 0 ns 
RAS pulse width (6-B-R self refresh) trass | 100 100 a 100 US 
RAS precharge time (C-B-R self refresh) tres | 90 110 130 150 ns | 












































CAS hold time (C-B-R self refresh) 
* 5Ons Product : Vcc=5V+5%, Cout=50pF 





tcHS -50 






































































KM416C157B Truth Table 
UW 

x xX x | Hi-Z HI-Z Standby 
xX | X X HI-Z HI-Z Refresh 
H H L DQ-OUT DQ-OUT Word Read 
L L eral xX Word Write 
H L X Byte Write 

Byte Write 
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NOTES 


1. 


ao 


ee 


An initial pause of 200us is required after power-up 
followed by any 8 ROR or CBR cycles before 
proper device operation is achieved. 


. ViH(min) and Vit(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 
assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads 


and 100pF 


. Operation within the trRcp(max) limit insures that 


trac(max) can be met. trcp(max) is specified as a 
reference point only. If tacp is greater than the 
specified tRcp(max) limit, then access time is 
controlled exclusively by tcac. 


. Assumes that trcD >trRcb (max). 
. tar, twor, toHR are referenced to tRAD(max). 
. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to VOH or VoL. 


. twos, tRwbd, tcwo and tawp are non restrictive 


operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs> 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo>tcwo(min), tawo> 
trwp(min) and tawo=tawp(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 


ELECTRONICS 


10. 


11. 


12. 


13. 
14. 
15. 
16. 


17. 


of the data out is indeterminate. 


. Either tRcH or tRRH must be satisfied for a read 


cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the trap(max) limit insures that 
tRac(max) can be met. trao(max) is specified as a 
reference point only. If tRaD is greater than the 
specified traD(max) limit, then access time is 
controlled by taa. 

1024 cycles of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification 

trcs, tucs are referenced to the later W rising edge 
at early write cycle. 

twcs is referenced to the later W falling edge at 
early write cycle. 

tcw, tRWL are referenced to the later W falling edge 
at early write cycle. 

twcH, twp are referenced to the earler W falling 
edge at early write cycle. 

trwp, tawo, tcwo are referenced to the earler W 
falling edge at Read-Modify-write cycle. 
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TIMING DIAGRAM 
READ CYCLE 
NOTE; D,y=OPEN tre 





tap: 
Vin — 
RAS 





Vit — 


| ~ tan —*- i . 

= 

= wy ~ ‘a a 
a i 


7 tasr 
a QO wcities ROK RIK YOOOQQOOO 
el 
scam ee 0000500000000 0 A Je 00 000 
N00 000,000, 





= 7 DOO ARON 
7 : tRAC a tow 
| tow 
a a 


WRITE CYCLE (EARLY WRITE) 
NOTE; Doyr=OPEN trac 


tre 





RAS 
Vit — 


TRAS 
tcrp 
a = 
oo OY A 
Vu 7 ROW (KN -— COLUMN YVY VY YY VY YV 
A XX {nooress WV { somes) OOO YY) 


eas ieee 
oN RK YOK 
oe iie hepa armen Fs 
or KKK | RRR 
ce XXX KKK XXX KKK KK AX KKK KKK KOS 
ova 2 XXXL KRM 2 KXAN 
SE UNUM OCNNONY MEM CCONMAMOAUNWNAOUN 


DON'T CARE 
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‘ 


UPPER BYTE WRITE CYCLE (EARLY WRITE) 
NOTE; Doyt=OPEN 


RAS 


CAS 


DQ1~DQ8 


DQ9~DQ16 


Vii — 


: | tre 
tRAS trp 
Vin — ; 
a 
a | 
veer 000, | A ene A, 
: == small 


Vin — FA) -—aoW (™\ ae COLUMN VY YY YVYYY 

TE KO BE KOON 
== 

ve ERIK | OOK 

w= SOE ROX) 


1 OVO QQOQQOQOO DOOD OOOO OO 
ee OI AIK 


i) ES 
w= DOOQOOO XX, ates ROOD IKXKX 


LOWER BYTE WRITE CYCLE (EARLY WRITE) 
NOTE; Doyr=OPEN 


DQ1~DQ8 


vm ao EX KX KX KK KK KKK KK KEK KEKE AKAN 


Viq — 
Vit — 
= = | Th 
ae sa : tcas sind Vom = 
OT | ene, 
tasr tRAH 7) ; TRAL 
Vin — \ a (/ “\. =a — YW VY SY / 
ve XXXL aooress DYOY fa A 
Vin YY YY SYA A/S ¥ i k : A/V /V/\/ 
XX | TP NRXXXXXX 
Rea ee : 
ine Gee twcs twcH = 
XR | RK XE KEKEXEKKERE 
u- A/V V7 VV IVY 
= AAA IAA ANAK AAA XANAX AAAI AAAK 
; tos-—— tou = 
me XXXXXXXXK A PAPAIN DROXKOCKKKXAX KKK 
© 
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WRITE CYCLE (OE CONTROLLED WRITE) 
NOTE; Doyt=OPEN 


tras tap 
Vin — 


RAS V— 


tes ‘ ter 
treD tASH 


Soot Vi — TI | Va | 
mm uw XY pea p__/ 
w= XOX nooness DROME Somes OOOQOQOX 

tow. 


se ee 
m= RXKXK KKK XK ERK KERR 


POR 
w 22 KXXKXKKXKK KEIN XK RK K EEN 


tcre 


2) aaa AS ae 
= XO = | FREER 
par-poe \f — OR owmn  PROOQQQOOOOQOQOOO 
| Vi — rn poh TLV VV ML 
none 6 EE ACCUCTACCCNN 


UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 
NOTE; Dout=OPEN tre 
tras tap 
SEAS Vin — 
RAS Vit — 
tesH 
treo TASH 


wy ee er FH 
= SEN a 


tcrP 


tRAH 
tase tasc 


{q— - 
sem QO pwoness DUM sconess_} COW 
wD OA OOOO KK 
i aaa =o 


wt OOOO oar 
a OY RK X XE 
SER ERCCCMMHNNMNUUNMNMMNMONOOANINONNON 
sro iy SEED HUM ONCUNEON 

DON'T CARE 
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LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 
‘NOTE; Doyt=OPEN 
tac 


RAS Vin = tras 


. =a an : 

_ iphee 1) CBE KOKO a 

co 2 XXX 
Wo RXXXRXXXMXXXA” HOXKXXXXXX KX 
= ROO | MRO 
cova Cy se KEXXXXXXKOK 
roe RERKKKKKKKXXXKKEKXKXEKX KKK 





READ-MODIFY-WRITE CYCLE 


trwc 
Vin — 


Fe —_—— 
CAS 
A ae 2, (als amd aea= {oe SOKLKKKK LLNS XD 
ee =e Ee OEY 





Vii 


7% =o EOIN 
eS XXXXXKXXDS lL 


trac 
teiz 
Vin — 
DQ1~DQ8 


{; ie 


Vi si 
pag-pais *" 
Vii 
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ELECTRONICS 


KM416C157B/BL/BLL CMOS DRAM 





READ-MODIFY-UPPER-BYTE-WRITE CYCLE — 


trwc 





tRAS 
ViqH — 
RAS 


————_— 7 oes | 

uae 06 tcas 
oo ies im 
7 it | 


tasR 


natee maiaarccecesoocesele 
MG We AKRON 
mM —— aye SN YOONXXKKK 
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Pig ‘AC 
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Dar-Dae 4, | ae 5 om OOOO) 
ae al =x to 
DQ9~DQ16 = a ~y a) bs ( ne — 


READ-MODIFY-LOWER-BYTE-WRITE CYCLE 
: trwc 
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Vi — 


RAS 


tcrP 


= — El ass CAS 
os WY [ES =a ie 
ee «0 eae. : ee CTE 
— tMRH 
om OT i ) ROS 


toeEz 


ae AP 
“TA / tags N Or oa ( = 


mT = be POON 
or ; : - SE ts ls 


DQ1~DQ8 ate: LW" DATA-OUT DATA-IN 
_ Ee 
oon Sn Bris Se WNNHNNNNNMACUA 
0) NAN AN AN ANN AN AN ANY AN A ASV AV 
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FAST PAGE MODE WORD READ CYCLE 
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FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) 
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FAST PAGE MODE READ-MODIFY- WRITE CYCLE 
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FAST PAGE MODE READ-MODIFY-LOWER-BYTE-WRITE CYCLE 
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FAST PAGE MODE READ-MODIFY-UPPER-BYTE-WRITE CYCLE 
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RAS-ONLY REFRESH CYCLE 
NOTE; UW, LW, OE, Dyy=Don't Care Doyt=OPEN 
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HIDDEN REFRESH CYCLE (READ) 
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TIMING DIAGRAMS (Continued) 
CAS-before-RAS REFRESH COUNTER TEST CYCLE 
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PACKAGE DIMENSION 
40-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


1.020(25.91) : 0.025(0.64) 
1.030(25.16) ; 1 MIN 
PIP Pi a a 






























.05) 


0.008(0.20) 






0.395(10.03) 
0.405(10.29) 
0.445(11.30) 
0.012(0.30) 
0.365(9.27) 
0.375(9.53) 


0.435(11 





| 
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0.140(3.56) 






LILICICILTICILICICICICILCICICLICICICIJ CICLO 
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iE HARA AR AAR AAA 
0.016(0.41) | , 0.050 (1.27) J 0.050(1.27) 
0.020(0.51) TYP MAX 


40 LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (II) 
(Forward and Reverse Type) 


0.80 TYP 





1.20 MAX 


0.80 TYP E | 
0. 0.805 TYP 
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256K x 18 Bit CMOS Dynamic RAM with Fast Page Mode 











FEATURES GENERAL DESCRIPTION 
« Performance range: The Samsung KM418C256B/BL/BLL is a CMOS high 
speed 262,144 bitx 18 Dynamic Random Access 
Memory. Its design is optimized for high performance 
KM418C256B/BL/BLL-6 applications such as personal computer, graphics and 
KM418C256B/BL/BLL-7 high performance portable computers. 
KM418C256B/BL/BLL-8 The KM418C256B/BL/BLL features Fast Page Mode 
operation which allows high speed random access of 
+ Fast Page Mode operation memory cells within the same row. CAS-before-RAS 
+ 2 CAS Byte/Word Read/Write operation refresh capability provides on-chip auto refresh as an 
- CAS-before-RAS refresh capability ‘ alternative to RAS-only refresh. All inputs and outputs 
- RAS-only and Hidden Refresh capability are fully TTL compatible. 
¢ Self Refresh operation (LL-version) 
‘© TTL compatible inputs and outputs - The KM418C256B/BL/BLL is fabricated using 
- Early write or output enable controlled write Samsung's advanced CMOS process. 


Triple +5.0V+ 10% power supply 
Refresh Cycle 
-512 cycle/8ms (Normal) 
-512 cycle/64ms (L-version) 
-512 cycle/128ms (LL-version) 
Power Dissipation 
-Standby: 5.5mW (Normal) 
1.1mW (L-version) 
0.83mW (LL-version) 
-Active (60/70/80): 525/470/440mW 
¢ JEDEC standard pinout 
¢ Available in plastic SOJ and TSOP II 





FUNCTIONAL BLOCK DIAGRAM 
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PIN CONFIGURATION crop views) 


* KM418C256BJ/BLJ/BLLJ * KM418C256BT/BLT/BLLT * KM418C256BTR/BLTR/BLLTR 


Voc 


ce) 


DQ3 
DQ, 


1 
2 
3 
4 
5 
6 
7 
8 
9 
1 


o 


DQs 





(SOJ) (TSOP (il)- Forward Type) (TSOP (Il)-Reverse Type) 





















Pin Name Pin Function 
Address Inputs 


DQi18 Data In/Out 
Ground 
Row Address Strobe 


Upper Column 
Address Strobe 


Pin Name| Pin Function | 
Address Strobe 

ReadiWrite Input 

Data Output Enable 


Power (+ 5V) 
No Connection 


































ABSOLUTE MAXIMUM RATINGS* 


Voltage on Any Pin Relative to Vss Vin, Vout —1 to +7.0 










































Voltage on Vcc Supply Relative to Vss Voc —1 to +7.0 
Storage Temperature Tstg —55 to +150 
Power Dissipation Pp 








Short Circuit Output Current los — 50 mA 


* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to ab- 
solute maximum rating conditions for extended periods may affect device reliability. 
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RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 




















Parameter Symbol Min Typ ; Max Unit 
Supply Voltage Vcc 4.5 5.0 5.5 Vv 
Ground | Vss 0 = 0 ~y 0 V 
Input High Voltage f ViH 2.4 — Vcc + 1 V 
Input Low Voltage VIL -1.0 i — 0.8 V 























DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 


Parameter Symbol| Min | Max | Units 















KM418C256B/BL/BLL-6 


bernie Carat KM418C256B/BL/BLL-7 lect - | 85 


(RAS, UCAS or LCAS, Address Cycling @trc=min.) 





































KM418C256B/BL/BLL-8 80 mA 

Standby Current ies 9 ik 
(RAS=UCAS=LCAS=W=Vu ) 

RAS-Only Refresh Currerit* KM418C256B/BL/BLL-6 95 mA 

(UCAS=LCAS=Vin,RAS, Address Cycling @trc=min,) KM418C256B/BLU/BLL-7 ee ie 

, , : KM418C256B/BL/BLL-8 80 mA 

Fax Page Made Curent eee | oe 

(RAS=ViL, UCAS or LCAS, Address Cycling @tec=min.) KM418C256B/BL/BLL-8 50 A 





KM418C256B 























Standby Current 
ae eee eae A KM418C256BL Iecs - .| 200 HA 
(RAS=UCAS=LCAS=W=Vcc-0.2V) KM418C256BLL 150 aA 
t— zh + i: 
CAS-Before-RAS Refresh Current* KMNISG eas 5/BI BES = ms 
(RAS UCAS or ECAS Cycling @tac=min.) KM418C256B/BL/BLL-7 Icce - 85 mA 
KM418C256B/BL/BLL-8 80 mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(Vin)=Vcc-0.2V 
Input Low Voltage(ViL}=0.2V, xCAS=0.2V KM418C256BL Icc7 -. 300 BA 
Din=Don't Care, TRc=1254S 
Tras=Taas min.~300ns | a 
| Self Refresh Current a 
RAS=xCAS=0.2V KM418C256BLL Iccs - 200 HA 


W=OE=Ao-As=Vcc-0.2V or 0.2V 
——— 0.2V or Open 








Input Leakage Current 
(Any input 0<Vin <Vcc+0.5V, all other pins not under test=0 volts.) 







Iu) -10 al LA 
loi) -10 10 LA. 








Output Leakage Current 
(Data out is disabled, OV<Vout<Vcc) 








Output High Voltage Level (loH=-5mA) 














Output Low Voltage Level (lo=4.2mA) 











*NOTE: tcc1, Icc3, lcca and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, address can be changed maximum 
two times while RAS=ViL. In Icca, address can be changed maximum once within one fast page cycle. 
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PAP ACIIANGE (Ta=25°C, Vec=5V, f=1MHz) 


ee 


Input Capacitance (Ao~As) 


Input Capacitance (RAS, LCAS, UCAS, W, OE) 
Input Capacitance (DQ1~DQ18) 



















“AC CHARACTERISTICS (0°c<Ta<70°C, Voc=5.0V+10%, See notes 1,2) 
























































































































































Parameter Symbol Units | Notes 
Min; Max | Min| Max | Min| Max 
Random read or write cycle time tre | 110 130 150 ns 
Read-modify-write cycle time trwc | 155 185 205 ns 
Access time from RAS [ trac 60 ies ef 70 il ns | 3,4,11 
Access time from CAS tcac teal. 20 20| ns | 34,5 | 
Access time from column address taa 30] 35 40 lhe 3,11 
CAS to output in Low-Z tz | 0 0 | [ 0 ns 3 
Output buffer turn-off delay toFF 0 15 0 15 0 15) ns 7 
Transition time (rise and fall) tr 3 50 3 50 3 50] ns 2. 
RAS precharge time trp 50 60 - ns 
| RAS pulse width tras Bae 10,000| 80] 10,000| ns 
| RAS hold time peo fea 20 ns 
CAS hold time tCsH | 60 | 80 ns 
CAS pulse width toas | 15 | 10,000| 20| 10,000] 20] 10,000; ns | . | 
RAS to CAS delay time tRCD 45| 20 50| 20 T 60 | ns 4 
RAS to column address delay time tRAD 30 | 15 35| 15 40| ns 11 | 
as to RAS precharge time tcRP 5 5 ns 
Row address set-up time { tASR [ ) ; 0 ia ns i 
Row address hold time tRAH 10 | 1o| |_.ns 
Column address set-up time tasc 0 0 | ns 
Column address hold time tCAH 15 15 ns 
Column address hold time referenced to RAS tar 55 60 ns ia 6. 
Column address to RAS lead time tRAL | 35 ih ‘i 3] ns 
Read command set-up time tRCS 0 0 ns 
Read command hold time referenced to CAS ' tRCH 0 0 | ns 9 
Read command hold time referenced to RAS | tRRH 0 0 ns 
Write command Set-up time twcs 0 0 “ns ; 
Write command hold time twcH 10 10 ns 
Write command hold time referenced to RAS twor 50 55 ns 6 
Write command pulse width . twp 10| 10 ns 
Write command to RAS lead time | tRWL 15 | 20 ns 
Write command to CAS lead time tow. 15 20 |. ns 
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AC CHARACTERISTICS (continued) 


-6 -7 -8 
Parameter Symbol Units | Notes 
Min; Max Min | Max Min | Max 


Data set-up time 0 . 0 ns 10 
“ 
















































Data hold time 15 15 ns 10 
Data hold time referenced to RAS 55 60 ns 6 
Refresh period (Normal) 8 = 8 8: ms | . 
Refresh period (L-version) 64 64 64| ms |- 
Refresh period ial 128 | 128| 128] ms | 








CAS to W delay time tcwb 
RAS to W delay time tRWD 




































50 L. 50 ns 8 
95 105| ns | 8 
i 65 ns | 8 | 
0 





































Column address to W delay time tawD ze 60 

CAS precharge to W delay time 7" a cl 7 ns 

CAS set-up time (CAS-before-RAS refresh) ___| _tesr | 10] 10 ns 

CAS hold time (CAS-before-RAS refresh) tCHR = 10 E 10| =f 
RAS precharge to CAS hold time ic 5 5 5 ns 
CAS precharge time (C-B-R counter test cycle) tcPT 25 | 30 ns 




















Access time from CAS precharge 35 40 45) ns 3 


Fast Page mode cycle time l tee | ao] | 45 50 | ns | | 


















































































































Fast Page mode read-modify-write cycle time 8} _| a 100 ‘ns 

RAS ale width (Fast nioe mode) | tease | 60/ 100K} 70| 100K] 80 | 100K| ns 
imiimion ewe |e s| | ol | a ns 

CAS precharge time (Fast Page mode) 10] | 10] ns 

Access time from OE ns 

OE to data-in delay time ns 

Out put buffer turn off delay time from OE ns = 
OE commend hold time ns 

me pulse width hal -B- R self eueneell HS 12 
| | 
CAS hold time (C-B-R self refresh) ns 12 








KM418C256B Truth Table 
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Standby i 





Refresh 





7 Lower Byte Read 





Upper Byte Read _ 
ul ; L Word Read _ 
: | Don't Care _ Lower Byte Write 
Don’t Care _ / DQ-IN-__|_—-Upper Byte Write 
DQ-IN L DQ-IN Word Write 
Hi-Z Hi-Z —_— 
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badd 


. An initial pause of 200Qus is required after power-up foliowed by any 8 RAS-only or CAS- before-RAS refresh 
cycles before proper device operation is achieved. 

2. Vir(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are measured 
between Viximin) and Viimax) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2 TTL loads and 100pF. 

4. Operation within the tacp(max) limit insures that tracimax) can be met. trcpimaxy is specified as a reference point 
only. If tacp is greater than the specified trcpimax) limit, then access time is controlled exclusively by tcac. 

5. Assumes that tacp2trcpimax)- 

6. tar, twor, tobHR are referenced to tRapimax)- 

7. toFF(max) defines the time at which the output achieves the open circuit condition and is not referenced 
to Vou or VoL. 

8. twcs, trwo, tcwo and tawp are non restrictive operating aprameters. They are included i in the data sheet as elec- 
trical characteristics only. If twcs2twcsimin) the cycle is an early write cycle and the data output will remain high 
impedance for the duration of the cycle. If tewo2tcwoimin), trwo2trwo(min), tawo2tawoimin) then the cycle is a 
read-write cycle and the data output will contain the data read from the selected address. If neither of the above 
conditions are satisfied, the condition of the data out is indeterminate. 

9. Either tacH or tary must be satisfied for a read cycle. 

10. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in 
read-write cycles. 

11. Operation within the tRapimax) limit insures that ee can be met. trapimax) is specified as a reference point 
only. If trap is greater than the specified trapimax) limit, then access time is controlled by taa. 

12. 512 cycles of burst refresh must be executed within 8ms before and after self refresh, In order to meet refresh 

. specification. 

13. tasc, tcAH are referenced to the earler CAS falling edge. 

14. tcp is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the next cycle. 

15. tcwp is referenced to the later CAS falling edge at word read-modify-write cycle. - 

16. tcw is specified from W falling edge to the earlier CAS rising edge. 


CCAS 
UCAS 
ADD. = — SNL LELLES a2 RRS 
Ww 





17. tcsr is referenced to earlier CAS falling low before RAS transition low. 
18. tcur is referenced to the later CAS rising high after RAS transition low. 


RAS 


LCAS 


UCAS 
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19. tps, toy is independetly specified for lower byte Din(1~9), upper byte Din(10~18). 


tos tox 


0001. RO HR 


QOOOAOAAOS LYS AAAS 


W 





TIMING DIAGRAMS 
WORD READ CYCLE 
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TIMING DIAGRAMS £(continueg) 
LOWER BYTE READ CYCLE 
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UPPER BYTE READ CYCLE 
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Vo. — teac toez 


trac 
Von — | XY 
DGD ca OPEN KX VALID DATA-OUT = 
vo | : 


RY VV 
trex OOK 


yo 


KKK 





RY DON'T CARE 
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KM418C256B/BL/BLL 7 CMOS DRAM 





TIMING DIAGRAMS (continued) 
WORD WRITE CYCLE (EARLY WRITE) . 


tac 
trp 
tras _———l 
Vin — 


tar 


RAS 


Vi — torp | 
al tas 
= BT yy 
“a ae eee aera 
os OP oe NI i, 
| | 


R tran 


so tow 
Vin — "YY iV, Vay, vy, WIVYYYAYY NAV 
© RRL cts DRSSML sits _ DAS SKI 
Vin — IPOYOIVVVVIV VV YYVYVYV YAY VY 
Fe KY It URRY) 
fe = 
Pao WCR 


: Vin — av avav ar vavavavavavalavataVavavavavatavaralavaravavavaravava¥atavavatalavavavavavaevatalala¥, 
FE, — KKK KKK IRI KK IKK IC 


tou 


Vinh — ARVO vy, iv, Vay, +, Tay, 
Dar Dae RKO IE VALI DATAIN PRO RIKKI 
tour 


LOWER BYTE WRITE CYCLE (EARLY WRITE) 


tac 
fais trp 
Vin — 3 
RAS tar 


Mii tore i trec 
gets de ee 
UCAS WY 


Vi — AY 


[CAS Vin — (XXX oe 


Lo. XX A 





| Se 
Vin —- KY : AV AY AY AV AV AV AY AVA AV AVAVAY, VV eV AV AY AAV AV AV AY, 
A SOX, adorttss OY {soon SIN 
Vin — YPYYVVVIVVVV 9 VAVAV Av aVeVAVAT eva a AvaVavay, 
W fe antec ined LOS 
jp ——| | IWCR 


Vin — VY VY VVVY YYVYYYVVY VY VY YY VY YOY YPVY VV VY Y YW YU VV VY YY VV VV 
FE SOI SKK IY 


paces el eid 
Vin iW A/V VYVY VY\ YVVYYVVYYY ¥ YYYYVWYY ¥YVYVY YY YY 
Da 0 SKK, vas oarain DESK KKK XK XX KK KKK 


tour 












cae 


KY DON’T CARE 
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TIMING DIAGRAMS (continued) 
UPPER BYTE WRITE CYCLE (EARLY WRITE) 


= 


DQ;-DQ, 


DQ10-DQi8 


tac 


teas ema 
Yip tar . 
YS tor 


\ a 

wee Vi VV VC -— ean 

ve XK = = 
ee ee 


_. Ve — YY VY ; 
XX tasr 


Vin — ZVYN YVVVUVYVUVYYVVYYYYVYY NY VY YO aay, 

vc — XOOG, ators DRX, Sones DOO OS OOOO SOI) 

Vin — A AATAYAYAVATATAAvAvAS A/V VVYVYAVYYY 

se OE ZENO 
SS Sees 


Viq — SV VV SAAS SVSVV VV VSS SP/V VV V VV OV VV VV VY VV VV VV VV VSI VV 
We — XA KK RIKKI KIRIN KKK KKK KKK KK 


Vi — KA trap : a 
; fie) Cee ig 
Ee Bes 2 ee 7 
XY 


Vin — VAVAVAVAVATAVAVAVATAVATAVAVAVAVAVAYAVAVAVAVAVAVAVAVAVAYTATATAVAVAVATAVAYAVAVATATATATATATATAVAVAVAVAT, 
Ve DI IKI KKK 


tou 
Vi — AASV YVYVAA//VVVY VVJVJJVJ/V SAS SSS SMS VSN VV SY SSYYVY 
Ve RIK VALID BATAAN DESK MSO M IK OH O55 757505 


tour 


WORD WRITE CYCLE (OE CONTROLLED WRITE) 


RAS 


DQ,-DQis 


—— tre 
t trp 


, tar 4 
torp - 
ea eae RD 
ras t= f/ 
Vag 


R tray 
tasc! 


Vn —YyVyn ROW X COLUMN x XXX 
RM Ee KOC EE IE 


Ve — OF a ot 
Nee 04.9 tran Zz HS 


SKK KKKKKXXRKRD 


View — VYYVYVVVVYYYYYYYYYYYYYYS ‘we YYVYYYYVYYVYVYYVY VY 
Ve — SRR KK XX XX KR KAR POKORNY 


tawt cinco 


tow. 
Vn — TYYVVVVY VV VY Vo “avavavavaaavavavaaatavaravalatavavaavavavey, 
v. — SXXXXKOKRY ee KKK 


tou 
nes RK _vato parame BRN K KKK XXK XXX KKK 


KY DON’T CARE 
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TIMING DIAGRAMS (continued) 
LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 


tac 
tras trp 


tar 
= i 


Viq — 
vos |" YY 


= Ee a 
a rey 
= 


to, 
i tet 
Vin — YV x WAVATAVAWAVANAWANAWAvENON \/ V/\/ VV/VJA/V/VSJ\/ 
AT ROO avertics DOOM BEERS DERI 
Vin — DIV VV YYY YY VY a twp VJ SY SS VJD/S SASS JV/ 
We RRR UKE) 


tawe 


tow. 
Vin — YXYVYY YY YY YY YY W/V YY YW YY XW YW WY A AYYYIY@JYY#YY#/0 

FE. KKK = ne RRR 

tox 

Vin — IVY VV VV VY VV VY YY VV , 

Se ee RES vat mara PR SSSI 

RK KIRK I IRI 


V; \/ V/V 
We RR 
UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 


tac 
tras 


tap 
tar 
| | CT 
ven - XY a 
2a re 
coms SN OKXXY ae | 
OM, 


1H 
= trap 
‘i — QO ‘ASR i trax tase | 


DQ40-DQia 





me RR, actos PROM Sooaess _PRXKX KKK XX XARA RXXXKKRL 


_- VA AV AV AT ANAT TAVANAvATATAMANAY ANAS twe YY YY YAY 
Ve — AXXO UK KXNLYD 


=| 


tawe 
tow. 


ae RO AAAAAKARA) | ar ARAN OODIO RNY 
ee 


Vin — VYYVY YY VY VY WY XY YY YA YY YY YY YW VV VY YY YY VV VV VY YY VV YO XY 
Poy — XXL EAK RARER RRR 


toep tos tou 
DairDam RPL vats caren KKK KKK KID 
KY DON'T CARE 
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KM418C256B/BL/BLL | . CMOS DRAM 





TIMING DIAGRAMS (continued) 
WORD READ-MODIFY-WRITE CYCLE 


—- Y ee VYVYVVVYVY VY VYYVVYVYVYYVYVYVYVYY Y 
8 Ye OO be PROM anores PRS KKK 
es AXKKXXAN) 


twe 


Vin — 
Vi — 







reehn 
toca 
Vin — PYYYYIIYVY YY VY VY YP VY 
TE SRK _| 


OLA) 


fae ee . ie 

Vou ~~ LX) ; UV) 

ae oe eT es EE 
toz 


LOWER-BYTE READ-MODIFY-WRITE CYCLE 
tawc 


tras tre 



































Vin 
ne Vit torp trec 
Vin _ ‘of 
UGKS Gea Oy 
Vin — DOR 
cles fl eer) al Hl 
mM Feo PRON nooaees DOK KKK KK KRIS 
Ve — 3 = 
YQ aa LRRD 


Ve — RRO cae 


LAAAAALARS 


Vin — FRAY 
& XXX) 


| 7a sn fe tos | [ton 
Von | ey 9, 
caso, Yor wy ee ED 
Vuow — iz 3 : 
DQ10-DQ13. eT eeeemmenms ()f Fj 
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KM418C256B/BL/BLL | | _ CMOS DRAM 





TIMING DIAGRAMS (continued) 
UPPER-BYTE READ-MODIFY-WRITE CYCLE 


trwe 


tras tap 
Vin — 


RAS eee tar 

‘7 lone oak : 

aa et 

——. Vin — "YF es] tcas 

UCAS y 

) = al 

_ ee ee 

Vin — oY se eee | | 
(Faeme 


tasn | | tras Ee 
se eka 


vi 


ra 7 
Vin — RY V AA AAD AA/YLY VAS LYAASJAAAAAAA/SSS VS A AAAS 
a TY BO CON 
Haat 
mia Viq — 
WwW 
Vi — 







taa 


toga 
Vin XXX ) Y 
E 
Y Vn — ROKK 


‘= AKO 
VA AA AADAAA/YV 
Gs 


Vio as 


Vio. ~ rope erat i 


VvoH Ve 
DQ10-DQig OY SAX] VALID DATA OUT) 
Vio. — Ry 


tez 


DQ,-DQg | 


FAST PAGE MODE WORD READ CYCLE 


trasp 
= Soh ae 
a pe ee i 
CRS Viq — Ay \ tcas tcas (i NV 
Vi — y torp | Ne “oN tec d ( 
TR 
ae Vii — y -| Lo = é 
tasr aia al lend S| 
LTD Ce OSE. EOD H BEE KOON BEE ERED 
v, — Xan _ PRY — 0.0.8 xX) v 


; ADDRESS YX) i ADDRESS PX XX XX» 
et = a 

t 
a bie BB Fe HS wi 
TW 1 WR 
OE Q 


: OX 
SR RON] AR 


AY c : 
trac ae 
Vou — Fy. 7 F R ¥ VALID 7, VALID 
DOrDGre ay q onvadur p (s { oataour ) > q oataour ) 
: . . ¥ 
: 7 torz teiz : ter 








=| 


Vin : OX XX iY, XX i 


Vit DLVANLVANLS 









Vn —-¥ x) 


LZ 


8 DON’T CARE 
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KM418C256B/BL/BLL CMOS DRAM | 





TIMING DIAGRAMS (Continued) 
FAST PAGE MODE LOWER BYTE READ CYCLE 



























trasp trp 
pees Vin — 
RAS : 
Vit trec 
ee 
UCAS we 1 
‘ sae 
(cS oy J / 
ae tasr f 
— = he ee ne Lehn 
A — XL 28 DRM Roars | OEE, ie Ge OXY 
ee tre etre Te 
We OY |_| V . XXX 
; ae 
Vi — V, v toga 
FE Ve KKK Ai ae BT LR 
toc is Fie Ere bo 
trac . 
paar OG (ott } ees ct LOK onitisr ) 
toiz teiz 
DQ19-DQia He 7 ae OPEN 
FAST PAGE MODE UPPER BYTE READ CYCLE 
RAS i : a tar trHcp 
tec F=— trsy 
Vin FE tcas tcas ya teas 
UCAS \ XX) te = et 
eed = = 
rons Vin _ XX) 
Vu = YW tasr an ral 
ae L 
a RR KEENE —. as SO SE = EKO 
an? 7 fo wale aries aan =o 
We KRY a y Ho RX 
Vin — y, YVV ) Y 
ve OO | A oan won f pee xx Ate 
at 'toEA OFF 
DQ;-DQ, Me . — OPEN = Sais aa aS = ie 
trac aes 
DaeDM : ity Oy otiau © DOM vatAour | pont , OE a oneeat p 


teiz 


Kd DON'T CARE, - 








PSimsunig 
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KM418C256B/BL/BLL | CMOS DRAM 


TIMING DIAGRAMS (continueg) 
FAST PAGE MODE WORD WRITE CYCLE (EARLY WRITE) 


trase trp 


Vin 7 t 
AS - ‘AR 


tore 


tec we 


aa 
—— Vu-// ~~ tcas 
Oy 
Vers _N 
= aioe 
poe — tec = = trasH 
— tcas 


: Vin — \/ ~— 
(CAS wy 
Vin —- 7Y 


Vit 
ORE EOE oe cg EN ait am, ak Sam 


Sine ie 
BE OY are OY YY 


YK SOON sets ¢) 
ee 


mons SSEEERREN SE HORNE ONE OEE 


tour 


FAST PAGE MODE LOWER BYTE WRITE (EARLY WRITE) 


trasp tap 


¢q 
(2) 
>| 
na 


=i 


Vin 
Vii — 


— tar 


tcrp A trec 
a ee 


RAS 


Vin — 
UCR OY 
Yu — XO tcap 


= ea 
Vin — XXY \ 
we WS == 
i ak 
Vin — XR ROW Us Ly CUR OXX X ff 
A ROO 





_ XX Abd KOK S ADDRESS isis mae KOO 
Vin — 
WV, SRR KK sila rhode ar ime Sia fey er OX 
m= Htom——f ECT — tow : 


tou 


TE AS wee SON cm QO 
00-0, KN MEAG Rae RQ onan PRS 


toxr 





Vi \/\/ S/S x \PU xX VY 
DA ro-D0%s SOOO GOON U UUiUeNeUcNEUaUc Ni HeUcNeU UAE MeN CUENEMsUcA cde Nedieiel 


Ka DON’T CARE 
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KM418C256B/BL/BLL , CMOS DRAM 





TIMING DIAGRAMS (continued) 
FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) 


trasp : tre 
Vin — 


RAS oe 
Yer tore 
tec tec 
a ceL>-—~J top then 
t 


x FF | 
UCAS “ie On =o = tcas aN tcas—~ tcas LY | 
He ea es | a ee 


Vin —-JVYS 
CCAS ie - Yy oe 
tasr 
eS Sto Bo ie a Ss eed 
Vin — “XX Sy) COLUMN Cy COLUMN KA 
CE OE KONE 


ave OOK 588 ooAveS PRX) ROOM, Roane PARK RK, 

= Vin - POAT VVYVVYV VV VAY, Lay, ee WAY, 

ee SESE NAL Yee 
PY tow tow. “= tow. SF tewe 


‘ Vin — YVY VAVAVAVAWAY, Y VYVSYYYVSSYYSYYVY YYZ YY SSS SVJ ASS YW SYS SSS SSS VV 
cy SO A 
, Vin — VY YSIS YY VY VY YY VY SYYVY VV YW YY YY YYYY VY VY VS VV VY YOY LS YS VV 
DOO OKRA KKK KKK KKK 
tou 
Dar D0 KOK _ Ae, DESK orn DOKL or. PRR 
; tour 


FAST PAGE MODE WORD READ-MODIFY-WRITE CYCLE se 


tras 
Vin — tar — 
AAS, - eee Baas 
fl 


ee i= 
= tprwe 
eluce! ae 
‘i PO, \ 3 = 
Ve XY, \_ a 
‘CRP Steno — 
=<. 
[= 


ar — a Epes aad | 
+ Vie YyYyN COLUMN arerererin jpn YYYVYY YY 
‘ OOM ADD. s ADDRESS ROKR LY DORESS YY Y 


Vi —-AAXY A KK 1, OOO 
trap eel - 


ed XX 
- Vin KKK KKH 
Vii — OXXXKY | 


| Te 
; ee 
tin 
. is Ba toep , tos ea 
ee al fH ie : 
ee OO ORE 


¥@« 
Vo. — Ww 
teiz ; 
VALID DATA-OUT VALID DATA-IN VALID DATA-OUT VALID DATA-IN 


teiz 
OM DON’T CARE 
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KM418C256B/BL/BLL | CMOS DRAM 





TIMING DIAGRAMS (Continued) 
FAST PAGE MODE LOWER BYTE READ-MODIFY-WRITE CYCLE 


trasp _ tap 
RAS Vin tar 


Vie = tcrp i 
veers ica: Saeeenee 
ocms WH XY 
Vi — OO read 








— /\/V/ 
CoS oil 
7 tasr 


oe 3% 


A oy OD rey fan XXX ma ADDRESS OOXXK 
ie is 
wo HT KRRRX al a SHEE =e 





Vi — XY ‘cwD 














Vv Se 
= PLN TE 
trac 7; Thea 
‘ “ip ae ORTKS KKK 
VOH — 7 ® 
DQ,-DQ, Woe - vy Ox} 0,4 ms at XXX XXX XX 
Vou — aol VALID DATA-OUT VALID DATA-IN 4 VALID DATA-OUT VALID DATA-IN 
DQ10-DQis8 a ll emmemes CPEN 
FAST PAGE MODE UPPER BYTE READ-MODIFY-WRITE CYCLE 
trp 
trasp 
= 
RAS a SAREE Ba trsH 
Vii — a 
Mo= toas tcas 
vers MA 
V ry ak 
(GKS iq — al 
Va — yy is se 
os = as Ne XK xX?) X a iv, WAV AY, 
a TRY ale x sooress JR a ‘—oe: OO 
: a= a 
Vin = XY VV XRF Y ¥ 
Vit. = ; 
Vion — bead Me 
DQ, -DQg Viot — = toep bed toca 
: trac [| 
ae toez 
Vion — A LY rr - 
DQi0-DQis ee OX J iJ tA OR XS OY? 
VALID DATA-OUT VALID DATA- is VALID DATA-OUT VALID DATA-IN 


KY DON'T CARE 


ELECTRONICS 
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TIMING DIAGRAMS (Continueg) 
HIDDEN REFRESH CYCLE (READ) 


DQ,-DQig 


tac 


tras tras Pp 


Vin — 


tac 
trp ta 
tar 
Vi — 
tore i; 
i = 
Vin — = : et tour 
aie |, ee enn) 


tasr 
ws BENS ta RUNS UR RRR RERARRRERRERER 
Ve SOX noses PRY) SO 
trap 
trcs 
Vid — PIT VIVA SIA KAIAAIA AAA ANAK AAI ANA 
ve — OOO | ROKK 
: taa torr 
Vie — ARIA AV AVAVAY, toes AV AVA ATTA AV AY, 
Vo RRR | BREE KY 
tcac , toez 


trac 
Wages | AY 
i: QO VALID DATA-OUT N 


HIDDEN REFRESH CYCLE (WRITE) 


UCAS 


DQ,-DQisg 


tac 
trp 


tras tras 
Vin — 


tre 
; tre 
tar 
Vi — 
torP 
Vin — tour 


torp 
ae Gey, 


Vin — 
Va — 
. tasr 


tcan 


twen : 
Vin — XX VV AV AT AV AV AWAY, 


Ve — SXXKKXXXK AKA 


as fee 
Via — VAN y VV AVAV AVA AV AV AV AV AW eV AV AV AVAV AV A UAV AVA AV AV Ava a9, 
VX) eet LK 


Vin — ‘X) YI VV 
Vii ~ XX 


RI KK KKK 
tox ; 
Vo 


ven — SKXXXXKXX KKK _vaue waren DER KKXX KKK XKKAKRION 


tour 
BY DON'T CARE 
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TIMING DIAGRAMS (Continued) 


CAS- before -RAS REFRESH COUNTER TEST CYCLE 


tap 


Vin tras 
Vi 





RAS i 
Vv tosr 1 
lq 
cs ONT 4 — 2 
Viue— y 
sie N 
Vin - [| 
a i 


YY VY ¥ 


Viq— VYVYYYY YY YSYYSYYYYYYVYYV V9 L_ VV\/ VS VS SYS SVJ JAJ/ 
Bn RELI) = Ls OS 


READ CYCLE fies e 
Vin — VOOCOCOOOCOOONOOOOCOY CAME XN 
w Vit — XXXXXX XK AXA XK LN XY XX 





Al 
mi 


Vn — YYYV VV VY VY YY VY VYVYVY Ye YY YOY VV rw VYVYVYVY YY VW 
vs DARA RRR AIAN, | ARIE 
| ae a 


ve o 
DQ,-DQis (ON VALID DATA-OUT y 


~ . i 


AOXXXXXKK) 









WRITE CYCLE man 


— Va-— PYVVVVV VV VV VOY al 
OKA _| 


Vv; 
V 


XXXXXY 


m 


FE. — DOA AKIRA 


Vv — 
DQ,-DQis va =e (| VALID DATA-IN [) 
OL i i 


READ-MODIFY-WRITE 


trwi 


twe 


— Ve- VYYYVYYYVVYY/YVYVYVYYY YY YY YY VYYYYVYVYY 
EEN 
. taa j 
Se = oa 
tez H | § tos 
Vion — v VV 
sso SOL ORI 


kx DON’T CARE 
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TIMING DIAGRAMS (continued) 


RAS ONLY REFRESH CYCLE 
NOTE: W, OE=Don't Care 


ARS View : 
Vi — : 
; tore 
Cy, of \_/ 
UCAS Geles 
tore tec tcrP 
Vin — 4 
LCAS 


Vi — 


+. COON antes PROX KKK KKK KKXXAR OHARA ANY 
CAS-before-RAS REFRESH CYCLE 
NOTE: W, OE, A= Don’t Care 





—————— tre 
trp . trp 
tras 


| 


Bt) 
>| 
an 


oor |" ell A CONS 


tees Ae _— ton Vv XX v 
CRS mT AOE SOE XX) 


Vou— 
DQ;-DQis vo N OPEN 


CAS- before-RAS SELF REFRESH CYCLE (Sel refresh only) 
NOTE: W, OE, A=Don't Care 


tres 
Vin 


RAS trRass 

Vit — 

trec 
ao = 

Vin — Y 

UCAS | Ok ROY WON 
* Tbe 

PSRPRETE Vin — tcsr ‘x \7 ny 
LCAS 

fe KO 


torr 


= 
ot 
v 


Vv _ r 
DQ1-DOig ve se ) OPEN 


XX DON’T CARE 
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KM418C256B/BL/BLL CMOS DRAM 





PACKAGE DIMENSION 









40-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 
1.020(25.91) 0.025(0. 64). 
1.030(25.16) MIN 
g/8 2/8 aig 8\8 
ele l= ae aie 
Wim w]w 
BIS 21s 85 85 

















|__ 











! com 
C 0.130(3.30) 
0. 140(3.56) 














E]acow0.] 








vi ! iF f iy 
0.016(0.41) | B 0.050 (1.27) | i 0.050(1.27) 
0.020(0.51) TYP ~} 4 MAX 


40 LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE (it) 
(Forward and Reverse Type) 


0.80 TYP 


1.20 MAX 


=e 


0.805 TYP 
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KM48V512B/BL/BLL 


CMOS DRAM 





512K x8 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


+ Performance range: 

















tRAC | teac tre 
KM48V512B/BL/BLL-6 60ns | 15ns | 110ns 
KM48V512B/BL/BLL-7 | 70ns | 20ns | 130ns 
KM48V512B/BL/BLL-8 80ns | 20ns | 150ns 





* Fast Page Mode operation 
* Self Refresh operation (LL-version) 
« Byte Read/Write operation 
+ CAS-before-RAS refresh capability 
« RAS-only and Hidden Refresh capability 
« TTL compatible inputs and outputs 
« Early write or output enable controlled write 
+ Dual +3.3V+0.3V power supply 
« Refresh Cycle 
-1024 cycle/16ms (Normal) 
-1024 cycle/128ms (L-version) 
-1024 cycle/128ms (LL-version) 
Power Dissipation 
-Standby: 1.8mW (Normal) 
0.36mW (L-version) 
0.36mW (LL-version) 
-Active (60/70/80): 255/235/220mW 
+ JEDEC standard pinout 
¢ Available in plastic SOJ and TSOP II 


FUNCTIONAL BLOCK DIAGRAM 





D 
> 
nN 


Control & 
Clocks 





| 


re) 
Sl & 


Refresh Control 


Refresh Counter 











Sense Amps & IO 
= 


| |] Row Address Buffer 


Col. Address Buffer 





Ao~Ag 





Vop 
Vss 


Row Decoder 






Memory Array 
524,288X8 


Column Decoder 


GENERAL DESCRIPTION 


The Samsung KM48V512B/BL/BLL is a CMOS high 
speed 524,288 bitx8 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, graphics and 
high performance portable computers. 


The KM48V512B/BL/BLL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 


_are fully TTL compatible. 


The KM48V512B/BL/BLL is fabricated using 
Samsung's advanced CMOS process. 






Data in 
Buffer 






DQ, 
to 
DQs 





Cells 






Data out 
Buffer 








tele 
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KM48V512B/BL/BLL | CMOS DRAM 





PIN CONFIGURATION (Top Views) 


+ KM48V512BJ/BLJ/BLLJ ¢ KM48V512BT/BLT/BLLT - KM48V512BTR/BLTR/BLLTR 


fe) 


1 
2 
3 
4 
5 
6 
7 
8 





(SOU) (TSOP(Il)-Forward Type) (T SOPIII)-Reverse Type) 







































Pin Name Pin Function 
Address Inputs 
DQ1-8 | Data In/Out 
| Vss _| Ground 
[ RAS Al Row Address Strobe 
CAS | Column Address Strobe | 
Ww Read/Write Input 
OE | Data Output Enable | 
| Vppb Power(+3.3V) | 
N.C. No Connection | 
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KM48V51 2B/ BL/BLL_ 


CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS 


Parameter 


Voltage on any pin relative to Vss 


eae 


VIN, VouT 





Voltage on Vpp supply relative to Vss 
Storage Temperature 


| 051046 4.6 


-55 to + 150 





Power Dissipation 





Short Circuit Output Current 








* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage feterenced to Vss, Ta=0 to 70°C) 





Supply Voltage 








Ground 


0 















Input High Voltage 


Vpp 


+0.3 








Input Low Voltage 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 





0.8 


















































Parameter Symbol! Min | Max | Units 
KM48V512B/BL/BLL-6 70 mA 
Operating Current" 
KM48V512B/BL/BLL-7 Icc1 - 65 mA 
(RAS, CAS, Address Cycling @trc= rain’ KM48V512B/BL/BLL-8 60 aA 
Standby Current 
(RAS=CAS-W=Vin ) owas Psi aes 
ee Refresh Current" KM48V512B/BL/BLL-6 | 70 mA 
(HS-Ve, RAS, Address Cycling @trac=min.) Alapaha ookcaleeeated ee : ES mu 
: : ; KM48V512B/BL/BLL-8 60 mA 
= + + + 
Fast Page Mode Current" - KM48V512B/BL/BLL-6 55 mA 
(AS iy oRS oA, A rane eer KM48V512B/BL/BLL-7 loca : 50 | mA 
eal ecyane elo) KM48V512B/BL/BLL-8 be Alt 45 | mA 
= 7 ~~ 
Siandby Curent KM48V512B 500 HA 
(RS—CAS-WV00-0 oy) KM48V512BL lcs | - | 100 | yA 
poe ere : KM48V512BLL I LL 100 HA 
== : “| 
CAS-Before-RAS Refresh Current* BNSeY>(2B/BU/BLE-6 - hs 
(RAS and GAS Cycling @trc=min,) KM48V512B/BL/BLL-7 Icce - 65 mA 
| Meee cee KM48V512B/BLBLL-8 | |.60 | ma 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(Vin)=Vpp-0.2V 
Input Low Voltage(ViL)=0.2V CAS=0.2V KM48V512BL Icc7 - 200 BA 
Din=Don't Care, TRc=1254S ; : 
Tras=Tras min.~300ns | Ace a a 
| Set Refresh Current | 
RAS=CAS=0.2V 
W-OE=Ao-As=Vpp-0.2V or 0.2V peverebe a ae a 
DQ1-DQs=Vnp-0.2V, 0.2V or Open 
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DC AND OPERATING CHARACTERISTICS (continued) 


(Recommended operating conditions unless otherwise noted) 





Parameter Symbol 







'| Input Leakage Current 
(Any input 0< Vin <Vop+0.3V, all other pins not under test=0 V) 








Output Leakage Current 
(Data out is disabled, OV< Vout<Vop) 













Output High Voltage Level (lox=-2mA) 

















Output Low Voltage Level (lo.=2mA) 





*NOTE: Icc1, icc3, Icc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc Icc is specified as an average current. In Icc1 and Icc3, address can be changed maximum 
two times while RAS=Vi. In Icc4, address can be changed maximum once within one fast page cycle. 


CAPACITANCE (1a=25°C, Voo=3.3V, f=1MHz) 


Input Capacitance (Ao~Ag) 
Input Capacitance (RAS, CAS, W, OE) 
Input Capacitance (DQ1~DQs) 























AC CHARACTERISTICS (0°C<Ta<70°C, a 0.3V, See notes 1,2) 


























































































































Parameter Symbol See Tas meet wl at Units | Notes 
Random read or write cycle time tac 110 a a a 
Read-modify-write cycle time | trwe | 155 185] {205 | ns 
Access time from RAS tRAC 70 80; ns | 3,4,11 
{Access time from CAS tcac 15 20 Lo 20 al 3,4,5 
Access time from column address _ tAA 30 le 35 | a 40 eo 3,14 
CAS to output in Low-Z tcLz 0 Jim _|[_ns > 3 
Output buffer turn-off delay {OFF —Y 15 0 15 0 15 | ns 7 
Uc time (rise and fall) tT 50 3 50 223i: 50; ns 2 a 
RAS precharge time | trp 40 50 | 60] ais ns | . 
RAS pulse width tRAS 60 |} 10,000} 70] 10,000; 80{| 10,000] ns | 
RAS hold time | tRSH | 15| | 20| 20 | lets 
CAS hold time tcsH cs 70 |. 1 ns |_ | 
CAS pulse width tcas 10,000 | 20) 10,000) 20] 10,000) ns = | 
RAS to CAS delay time tRCD | 45 | 20 50| 20 so; ns | 4 
RAS to column address delay time tRAD | 45] 30] 15] 35} 15 40} ns | 11 
CAS to RAS precharge time pice 5 a a 15 fons | 
Row address set-up time taSR 0 0 0 \ _|_ hs I | 
Row address hold time tRAH 10 Oe 10| | elds = 
Column address set-up time of | [ 0 tes ns 
coumaetuaine Lew [|_| 15| | ns 
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AC CHARACTERISTICS (continuea) 




















Parameter Symbol Ss i + Units| Notes 
Min; Max 
Column address hold time referenced to RAS 
Column address to RAS lead time |_ tRAL 
Read command set-up time |_tRcs 





Read command hold time referenced to CAS 











Read command hold time referenced to RAS 





Write command set-up time 

















Write command hold time 





Write command hold time referenced to RAS 











Write command pulse width 





Write command to RAS lead time 








Write command to CAS lead time 





Data set-up time 








Data hold time 








Data hold time referenced to RAS 





Refresh period (Normal) 

Refresh period (L-version) 
Refresh period (LL-version) 

CAS to W delay time 

RAS to W delay time 

Column address to W delay time 


























CAS precharge to W delay time 


|_tcrwo 





CAS set-up time (CAS-before-RAS refresh) 


tcsr 


















































CAS precharge time (Fast Page mode) 





CAS hold time (CAS-before-RAS refresh) tCHR 
RAS precharge to CAS hold time 7 tRPC r= ul 
CAS precharge time (C-B-R counter test cycle) | tcet 
‘| Access time from CAS precharge tCPA 45 
Fast Page mode cycle time [ve 
Fast Page mode read-modify-write cycle time Lee = 
RAS pulse width (Fast Page mode) ‘i tRASP 100K 
RAS hold time from CAS precharge ° si 





Access time from OE 





20 





OE to data-in delay time 


tcp 
| tOEA 





Out put buffer turn off delay time from OE 





| toeD 


toEz 





20 





OE commend hold time 


tOEH 





RAS pulse width (C-B-R self refresh) 


tRASS 

















RAS precharge time (C-B-R self refresh) - tRPS 12 
CAS hold time (C-B-R self refresh) tCHS 12 
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NOTES 


1. An initial pause of 200us is required after power-up followed by any 8 RAS-only or CAS-before-RAS refresh 
cycle before proper device operation is achieved. 

2. Vin(min) and Vi_(max) are reference levels for measuring timing of input signals. Transition times are measured 
between Vin(min) and Vi_(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 1 TTL loads and 100pF, Voh=2.0V and Vol=0.8V 

4. Operation within the tacp(max) limit insures that trac(max) can be met. tacp(max) is specified as a reference 
point only. If tacp is greater than the specified tacp(max) limit, then access time is controlled exclusively by tcac. 

5. Assumes that taep2trcp(max). 

6. tar, twcr, tor are referenced to trap(max). 

7. toFF(max) defines the time at which the output achieves the open circuit condition and is not referenced to Vo 
to VoL. 

8. twcs, trwp, tcwp and tawp are non restrictive operating parameters. They are included in the data sheet as elec- 
tric characteristics only. If twcs2twcs(min) the cycle is an early write cycle and the data output will remain high 
impedance for the duration of the cycle. If tewo2tcwp(min), tawo2trwp(min) and tawp2tawop(min), then the cy- 
cle is a read-write cycle and the data output will contain the data read from the selected address. !f neither 
of the above conditions are satisfied, the condition of the data out is indeterminate. 

9. Either tac or raRH must be satisfied for a read cycle. 

10. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in 
read-write cycles. , 

11. Operation within the taap(max) limit insures that trac(max) can be met. trap(max) is specified as a reference 
point ony. If trap is greater than the specified trap(max) limit, then access time is controlled by taa. 

12. 1024 cycle of Burst Refresh must be executed within 16ms before and after self refresh, in order to meet refresh 
specification. (LL-version) 


TIMING DIAGRAMS 



















































































READ CYCLE 
RAS ViH— 
Vit— 
cece tacp —_-1— tRSH = ~ : 
= OW Ne: enn acer AO 
nee Vit— than [trap L$ tRaL— 
tRAH tasck-] TAN 
Vipn— JSVYVY AAAI VA,WYYIVYVYVVVYVVYVY VV\ YX 
vie GORE hess XX RBERES DOA SNR 
sitnee - tRCH 
wo BRAIIRIY TT RRRRRRRAR IRIS 
¥ Vii— YX XXAXXXAXX : XXX XXX AAA 
= -taAA — 
Vin— AK AAA AAA AAARAI an KIA AV VY YYW A AY 
IE 1 00101, 0000 000000000000 RMI OOS CN Mo IONIAN 
tOFF 
DQ,-DQs ie OPEN 





KX) DON'T CARE 
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TIMING DIAGRAMS (continued) 
WRITE CYCLE (EARLY WRITE) 


RAS 


CAS 


=| 


DQ,-DQs 


eu 
” ROW y, UXXKK KKK KK 
Vi QM ADRESS PKK COLUMN DRA AY 





tro 


tap 
tras 
Vin— 


Vit— 


- tar 
Vin -— | | 
| Ly we {| 
|| 


Vit— 
bs | Sh pe 
Vip— (XXX XXX) aaa OX XXX YXXXX XY YY 
OY 


O 


¥,7,9 
YYKy) 











Vip— RWYOVYYVVOUY OA 
1 ORR 
ree Fee ee 


YavaV.¥avAYAVAW.V.Vav,VAVAVAVATAVAYAVATAVAVAAVAWAVAVAVAVAVAVAT.D 
RRR ROOK 





VIE PIYYVYVVY Y VV¥V VV VPM VV TOY WU VY PU VN 
vie BOAR RAK RXR RRR 


AT a 
ins Soe 
Viq— . ; 
Vi= ( VALID DATA-IN J OAR —_—_——_—_————— 


WRITE CYCLE (OE CONTROLLED WRITE) 


~ RAS 


CAS 


=| 


DQ,-DQs 




















eee 
‘_e tRAS trp 
Vinp— tar . 
Vit— 
= tcsH 
tcrP 
trcD 

Vin— 
Vit— ; be trap Li {__/ 

tase | | tran 4 a a 1] 
Vip—- WIVYYVV OY YY VY VVY YY VY VV VY VV VV VV 
va KRM AiBhess AK cooness HRY XR KKK KKK 

tow. 
: tRWL 
Vip— VVVVVVVVVVVVVVVVVVVVVVVV (AIVVVVVVV VY VVVVYYYVVYYVYVVVYVV 
Va RL i 8? RY XX XXXL 
|toeH : 

Vin— (YX XKYXKKKXKK / XX XXX7 RXKXKKXXAK KKK XXXXXXXAXAKXAK KAA A) 
Vit— XX .0,0,0,0.4.0.0:4,0.0. XX 99 ; 4.0,9,0.4.0 ¢, ) XA 

: tbH , 
Vin— F LAS VV VV VV IVY VVVYVVYVVVYVYVYVVYYYVVYVY 
ag CIR _vatin Daan YR NRK AX 


kX DON’T CARE 
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TIMING DIAGRAMS Continued) 
READ-MODIFY-WRITE CYCLE 























































































































— tRwc. ——- (ee 

}— tRAS trp 
a ViH— ' 
RAS Vine eG 

an 5 eas a ‘ — tcsH — 
trRob == | tRsH 
GAS Vip- 
Vit— \\ a f / 
tasr | [tRAH tasc 
Vin— AAS ROW by vt) . VYYVVVWJVYVYVWVVV YWWASVY¥YW¥VJVYYWJ{VJYWY~YW#W 

. Vie WPA aooness KM RBORESS DORI NW Ii) 

-tRaD—| oS es tcwo = tr—— tcwL—- 
= = 7 trwD —— hw tRWL —_ 
W ViH— | AAINVUVUV YVR 

| Wie a! LKR AXX 
= Vin— FYWWVVVVVVVVYVYVYVYY YY © 
OE Vn CKO 
[— tract 
VuIOH — AK KAMRAN AI 

Bera yore GLUON, 





FAST PAGE MODE READ CYCLE 





























































| tRASP am | 
RAS ihe N —— tar 
: “Vit 
— tre > trHcp 
tore tacp-—— top po eed 

pata ViH— tcas 
CAS tcas tcas 

Vit— tap \\ a | / / 

aa 
ee tRAH tase tCAH tCAH tasc 
one a aes 9 ea | 

Vit— FASB v9, TA AAA”, y ANNU MN RAITT Y 
8 Vi CAM ADD POR REDRESS OY ooress RONAK I xooress DORK YY 

Peel) = 
W \H— VXYYYYYYY9 VVVVVYV 

Vi DRY | NES 

: toEA 
pe Vin—- ROYYVYVUV YY VY vay, AR AARA RYVVYVYVYY) YASS, AA/YV/ 
OE Vin RON | RN | ARN | ARR 
tcac 
t torr 
to. a] as 








—— VoH— 3 
: VALID XY VALID \AY VALID 
Oa iy YN para cur —Y dare our —PK_vatacour ) 


XX DON’T CARE 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


tre 
trasP || : 
RAS ae SS \ 


tec ma 











tcrp trsH—-—- 


| taco tcp 
CAS \ tcas tcas : tcas { / 
— tcsH 
tasr-+-— trad | tean | tasc | _tcaH | = 


Tr. y - y 9, LL ERTG IV) 7 
: AX 258 IRAN, Sooness XNA Ssonets AKA ReanesS HOY) 










































































































































RAD tow! LY ccc 
twcs | _ a — | spas Ics i pee 
—_ VVVVVVVV VV SV/VVY | | (YY YVY\! A/SV/V/VV VV\VA/Y 
w TC, ARR REAR DIINO 
pat KKK KKK ROK LV VV RRR VL UK LEK RY KV KK KVV KY 
OE RR RRBR IRAN RIK RL RK KKH RK IKK 
; | et tbH tos | ' tou , tos | | tbH 
el 
VYYVYVYVYYX) VY V/\VA/VVVVVVVVV 
Da, 00s RY 10 ET ON 
FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
——— —~- - tRASP = 2S 
RAS" , \ ! 
1 }_~—_—_—— tcsH: ; 
tprwo———---- |——---—- trsH 
~ troD-—;-———— tcas oe “thas a 
CAS Lts0 INN 
; ; tRAH 
tasR __tasc Bacal | tcaH ae tRAL r — 
ml ol | 
R VVUVYVVY ¥ MA/V VY VY VVV VAAVY VY VY 
Q RRB 805 RAR YIN, Koo KARIN 805 KOK RXR ERR 
+ taw {| | = 
=| ce ae —+ LL towL Sere at ae : tRWL 
— XY V/V 
Ww OY tawo acta } tawo 








twp twp: : 
p—taa—{ 7 , tcpwo fa E=1 i topwe 


toEA toEA 
foes a ici A 7 = \ t— toca 
BE toED - { toeD 





























1 | les 
tcac een | toe ~ ee c 
CA 
ei eel ra 
trac toez taa be toez 














DQ,-DQg 











Bx] DON’T CARE 
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TIMING DIAGRAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don’t care 











— Vin— 
RAS _ ViL— 
See ViH—- 
CAS 

Vit— 








mg SRI P7499 ORR 


CAS-before -RAS REFRESH CYCLE 
NOTE: W, OE, A=Don’t Care 














es a | AXON OXY 


AAV\ 
torr 
VuoH — 
DQ,-DQs Vuot — ; OPEN, ete 


CAS-before-RAS SELF REFRESH CYCLE 
NOTE: W, OE, A=Don’t Care 


RAS 
DQ1-DQ8 





XY DON’T CARE 
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TIMING DIAGRAMS Continued) 
HIDDEN REFRESH CYCLE (READ) 


tac tRC 


















tras trp : tras trp 

_— Vin— 
RAS tar 

Vit— 

tore tcHR 
— Viq— 
CAS ve \\ 
gee tcaH 
|i} 

Vin- 0 y+ VsVs¥aVa¥aaaVaVaVAVAVAVAVAVAVAVAVAVAV.V.WAVATAVAVAVAVAVAVAVATAVAVAY 

: NY Ey = YONI KKK KARR) 
rr Ee tRRH 
a ViK-— VARKIAYW79 AMMAN YVVAS/V//VV¥ VW/YVA/ V/V/V /V/¥ 
y vn OY | XR AX 
AA ——| 

72 ATT; ev VW aVavavava’aavavavavavala’, AAA AAAAAYV YY AAS A/ 
Fa OKO BRAK XXX 
DQ,-DQs Vou— 





Vo_— 

























































































as 
Mc 
‘i Viq— — 1xXX YKKKKKKXKKKKX XXX YYXKKXKKKYY) 

vies OOOO OOOO OX XK XX 
Wn RN NG 
A RRR 
ee a RRR KAR RK KR 














i toHR 


kX DON’T CARE 
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TIMING DIAGRAMS 6<ontinued) 


CAS- before-RAS REFRESH COUNTER TEST CYCLE 







































































































































































—_ Vip— 
RAS as 
a ViH— 
CAS ives 
ViH— AANA /VALVAANAALMAANASY AASYAAA/V\AAAMD\AAA/VV/YVVAV/VY 
2 RRR ARO Aooress DRAMA NK 
tRRH 
eae ViH— YA AAAAA/YAS YA A/AA//V9 | VYXYYY 
w oe RY KY 
ie ViH— VYVJVJVVJ YW V\AASAVY/VJYVY—A A/SY/VVVVVVV/ YYYYY YY VYYVVYYV XY 
oe Va OR KK AY YKKNY 
| he OFF 
WRITE CYCLE Hiltesecn gs 
tcwL- ——— 
=5 Vin— ADAM NAMAIV\AAA/SV YA /VV twes| |_ twou VV /\AVYYV VV V/A A /VYVV/ 
w wae ON AY 
oe Vin— AAASSJVVVAI/VVVVVY V VV VVYVNVVV VV VV VV VVVYV VV VV VWVVVV VY VYV VV VV 
TE A IY 
Vie— -— = 
CWL 
READ-MODIFY-WRITE i tawo ca eer eee 
}—_—_—_—_—+ tcwp ; 
= ViH— VAV YA AYA /VVVVJVYVVV Vig twp WIV AAA/VWVVV¥ 
Ww 1 RY Lore KRY) 
taa 
Vie— RAKIVY VV AV AAAI DAV VIA A [toga 
OE i KORA | /Ltoee 
tcac toez tos} | tbH 
tcuz | 
coro XC HCEL 


VALID 
DATA-OUT 


kX DON’T CARE 
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PACKAGE DIMENSION “3 : 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD Gnerinchesmimasios 


0.720(18.29) 0.027(0.69) 
0.730(18.54) ; MIN 
COO a a a a ] 























a1 cle 2/9 
oln ajo safe 2/9 
= k=) NM BI® TIlE 
st ojo emits) rehire 
0/0 aia OF BIS 
219 Ool= O92 gle 
Aa Fs G10 of9 Cle 
olo Bilis 











ca 





T 








0.140(3.56) 
0.148(3.76) 





CLIT CITILIT1 | 
eis 0.026(0.66) 
0.032(0.81) 





0.050(1.27) 
MAX 





0.03 (0.80) 








0.423 (10.76) 
a 


0.398 (10.11) 
0.459 (11.66) 
0.466 (11.86) 














| 
tl. 


| a 0.005 (0.13) 
0.722 (18.36) agar) 0.008 (0.20) 
0.726 (18.46) a 

















Bl cosa] 


0.037 (0.95) | ye 0.048 (1.22) eal Pe 0.016 (0: aot 
0.052 (1.32) 0.020 (0.50) 


0.016 (0.40) 
0.024 (0.60) 
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512K x8 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES GENERAL DESCRIPTION 


° Performance range: The Samsung KM48V514B/BL/BLL is a CMOS high 
speed 524,288 x 8 Dynamic Random Access Memory. 
Its design is optimized for high performance 


KM48V514B/BL/BLL-6 applications such as personal computer, graphics and 
20ns 130ns| 29ns_| 











KM48V514B/BL/BLL-7 | 29ns high performance portable computers. 
KM48V514B/BL/BLL-8 | 20ns | 150ns| 34ns | The KM48V514B/BL/BLL features EDO Mode 
operation which allows high speed random access of 

- « Fast Page Mode with Extended Data Out memory cells within the same row. CAS-before-RAS 

+ Self Refresh operation (LL-version) refresh capability provides on-chip auto refresh as an 

« CAS-before-RAS refresh capability - alternative to RAS-only refresh. All inputs and outputs 

- RAS-only and Hidden Refresh capability are fully TTL compatible. 

. Byte Read/write operation 

+ TTL compatible inputs and outputs The KM48V514B/BL/BLL is fabricated using 

- Early write or output enable controlled write Samsung's advanced CMOS process. 


¢ Dual +3.3V+0.3V power supply 
* Refresh Cycle 
-1024 cycle/16ms (Normal) 
-1024 cycle/128ms (L/LL-ver) 
¢ Power Dissipation 
-Standby : 1.8mW (Normal) 
0.36mW (L-Version) 
0.36mW (LL-version) 
« Active (60/70/80) : 255/235/220mW 
¢ JEDEC standard pinout 
¢ Available in plastic SOJ and TSOP Il 


FUNCTIONAL BLOCK DIAGRAM 







Control 
Clocks 


3 3 
S| ul @ 


Vop 
Vss 
VBB Generator 


Refresh Counter 


Row Address Buffer 







Data in 
Buffer 














Memory Array 
524,288x8 
Cells 









Ao~Ag 


Data out 
Buffer 


Sense Amps & 1O 
a 


hel he Col. Address Buffer 


Column Decoder 
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KM48V514B/BL/BLL CMOS DRAM 





PIN CONFIGURATION (Top Views) 


* KM48V514BJ/BLJ/BLLJ * KM48V514BT/BLT/BLLT - KM48V514BTR/BLTR/BLLTR 


10 Vss 1 Vop 
2 DQs 2 ‘Dar. .. 
3 DQ7 | 3 DQ2 
4 DQs 4 DQ3 
5 DQs 5 DQ4 
6 CAS 6CO Ne. 
7 OE 7 WwW 
9 As 9 Ag 
Az Ao 
As Ai 
As TT) A2 


A4 [ A3 
Vss 1) Voo 





(TSOP(Il)-Forward Type) (TSOP(II)-Reverse Type) 


Address Inputs 

Data {n/Out 

Ground 

Row Address Strobe 
Column Address Strobe 
Read/Write Input 

Data Output Enable 
Power(+3.3V) 























No Connection 





ean a 
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ABSOLUTE MAXIMUM RATINGS 


Voltage on any pin relative to Vss Vin, VouT 
Voltage on Vop supply relative to Vss Vop 


-0.5~4.6 
-0.5~4.6 


Storage Temperature -55 to + 150 
Power Dissipation , 1 
Short Circuit Output Current 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 

















should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMEN DED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


Symbol 


Supply Voltage | von 
eae 

Input High Voltage 
oe 








DC AND OPERATING CHARACTERISTICS 


* (Recommended operating conditions unless otherwise noted) 


Parameter 


Operating Current* 
(RAS, CAS, Address Cycling @trc=min.) 


Standby Current (RAS=CAS=W=Vin ) 


RAS-Only Refresh Current* 
(CAS=Vin, RAS, Address Cycling @trc=min.) 


EDO Mode > Current* 
(RAS=ViL, CAS, Address Cycling @tec=min.) 


KM48V514B/BL/BLL-6 


_ KM48V514B/BL/BLL-7 


KM48V514B/BL/BLL-8 


KM48V514B/BL/BLL-6 
KM48V514B/BL/BLL-7 
KM48V514B/BL/BLL-8 


KM48V514B/BL/BLL-6 
KM48V514B/BL/BLL-7 
KM48V514B/BL/BLL-8 





Standby Current 
(RAS=CAS=W=Vop-0.2V) 


KM48V514B 
KM48V514BL 
KM48V514BLL 





CAS-Before-RAS Refresh Current* 
(RAS and CAS Cycling @trc=min.) . 


Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(ViH)=Vop-0.2V 
Input Low Voltage(Vit)=0. 2V 

CAS=0.2V 

Din=Don't Care, Tac=1254S Tras=TRAs min.~300ns 


Self Refresh Current 
RAS=CAS=0.2V 
W=OE=Ao-Ag=Vpp-0.2V or 0.2V 
DQ1-DQs8=Vob-0.2V, 0.2V or Open 


a” 
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KM48V514B/BL/BLL-6 
KM48V514B/BL/BLL-7 
KM48V514B/BL/BLL-8 


KM48V514BL 


KM48V514BLL 














Icc1 
Icc2 
Icc3 
Icc4 
Iccs 


Icc7 
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DC AND OPERATING CHARACTERISTICS (Continued) 


(Recommended operating conditions unless otherwise noted) 


ae ee 


Input Leakage Current he -10 
(Any input 0<Vin <Vpp+0.3Y, all other pins not under test=0 volts.) 0 


Output Leakage Current 

(Data out is disabled, OV<VouT<Vpp) 

Output High Voltage Level (loH=-2mA) | vow | 24] - | 
VoL 


Output Low Voltage Level (lo.=2mA) 








*NOTE: Icc1, Icc3, Icca and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, address can be changed maximum 
two times while RAS=VIL. In Icc4, address can be changed maximum once within one hyper page cycle. 


CAPACITANCE (ta=25°C, Voo=3.3V, f=1MHz) 


Parameter 


Input Capacitance (Ao~Ag) 


Input Capacitance (RAS, CAS, W, OE) — 
Input Sepectancs (DQi1~DQs) 
a Pree 
Max 


Random read or write cycle time pepe pet fe - 
Read-modify-write cycle time 155 = =| 


Access time from RAS es 
Access time from CAS ee 
Access time from column address 3,11 

CAS to output inLow-Z al 
Turn-off delay from CAS 


Transition time (rise and fall) 












































RAS precharge time 
RAS pulse width 
RAS hold time 

CAS hold time 
CAS pulse v width 


fate 

izes 

a 

=a 

| ooue 
| 2 

eae 
ea 

are 

fas 

La 

Es 

—_ 



































RAS to column address delay time 
CAS to RAS precharge time 


Row address set-up time 





Row address hold time 
Column address set-up time 


Column address hold time , 


a” 
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KM48V514B/BL/BLL CMOS DRAM 





AC CHARACTERISTICS (Continued) 





Parameter 


Column address hold time referenced to RAS 





Column address to RAS lead time 





Read command set-up time 








Read command hold time referenced to CAS 








‘| Read command hold time referenced to RAS 





Write command hold time 





Write command hold time referenced to RAS 





Write command pulse width 





Write command to RAS lead time 





Write command to CAS lead time 








Data set-up time 

Data hold time 
Data hold time referenced to RAS 
Refresh period (Normal) 

Refresh Period(L & LL-ver) 

Write command set-up time 

CAS to W delay time 

RAS to W delay time 

Column address to W delay time 





























CAS precharge to W delay time 

CAS set-up time (CAS-before-RAS refresh) 
CAS hold time (CAS-before-RAS refresh) 

RAS to CAS precharge time 

CAS precharge time (C-B-R counter test cycle) 


























Access time from CAS precharge 





Hyper Page mode cycle time 








Hyper Page mode read-modity-write cycle time 





CAS precharge time (Hyper Page mode) 





RAS pulse width (Hyper Page mode) 
RAS hold time from CAS precharge 

OE access time 

OE to data delay 

Output buffer turn off delay time from OE 




















OE commend hold time 





OE to output in Low-z 

Output data hold time 

Output buffer turn off delay from RAS 
Output buffer turn off delay from W 


SAMS Ute 
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KM48V514B/BL/BLL CMOS DRAM 





AC CHARACTERISTICS (continued) 





















































6 -7 8 —_ 
Parameter Symbol. ~~~ + - Units Notes 
: Min) Max Min Max | Min’ Max 
Wo data delay 5 tae gs HED a NOE ciety ROO 9 nar OY _fs 
OE to CAS hold time toc 5 L 5 i __fs 
‘CHS hold time to OE | _texo ; 5. 1 5 5 | ; ns 
OE precharge time toe | 5! i 65} 5 ons | 
ae eee _ feet aerial ag ae -b- ra za o t - 4 
-W Pulse width (Hyper Page Cycle) 7 et twee [| 5 1 § | al | ns ‘ 
FAS pulse width(C-B-F self refresh «-=s—strass | 100°, {100 | 100 | ws | 13 | 
bist precharge time (C- -B- R self teftesh) _ tne, | tres 110 | 130 150 |_ns 13 
AS hold time (C-B-R self refresh) ns 





NOTES 

1. An initial pause of 200s is required after power-up duration of the cycle. If tewo>tcwo(min), trwo> 
followed by any 8 ROR or CBR cycles before ; trwo(min) and tawb > tawo(min), then the cycle is a 
device operation is achieved. read-write cycle and the data output will contain 

2. ViH(min) and Vit(max) are reference fevels for the data read from the selected address. If neither 
measuring timing of input signals. Transition times of the above conditions are satisfied, the condition 
are measured between VixH(min) and Vit(max) are of the data out is indeterminate. 
assumed to be 5ns for all inputs except tHpc and 9. Either tRcH or tRRH must be satisfied for a read 
tHPRWC. ’ cycle. 

3. Measured with a load equivalent to 1 TTL loads 10. These parameters are referenced to the CAS 
and 100pF, Voh/Voi=2.0/0.8V. leading edge in early write cycles and to the W 

4. Operation within the trco(max) limit insures that leading edge in read-write cycles. 
trac(max) can be met. trcp(max) is specified as a 11. Operation within the tRap(max) limit insures that 
reference point only. If trcb is greater than the trRac(max) can be met. tRad(max) is specified as a 
specified tRcD(max) limit, then access time is reference point only. If tRaD is greater than the 
controlled exclusively by tcac. specified tRaD(max) limit, inen access time is 

5. Assumes that trcp > tRcp (max). controlled by taa. 

6. tar, twcr, tDHR are referenced to tRAD(max). 12. tasc > tcpmin, Assume tT=2.0 ns 

7. This parameter defines the time at which the 13. 1024 cycle of burst refresh must be executed 
output achieves the open circuit condition and is . within 16ms before and after self refresh, in order 
not referenced to VOH or VoL. to meet refresh specification (LL-ver) 

8. twcs, tRwD, tcwo and tawo are non restrictive . 14.1 RAS goes high befored CAS high going, the 
operating parameters. They are included in the open circuit condition of the output is achieved by 
data sheet as electric characteristics only. If twcs> CAS high going, If CAS goes high before RAS high 
twcs(min) the cycle is an early write cycle and the going, the open circuit condition of the ‘output is 
data output will remain high impedance for the achieved by RAS high going . 
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TIMING DIAGRAMS 


READ CYCLE 

ae Me e . e 

Vi 

tcorp tasH tcRP 
pate Vin tf tcas 
= By c= WV 
bie 

‘ sa toan 

Vi XS a x p—l_t_ (x XXXXKXXKXK KKK xXx 
A xX ores KKK) 


vi ~ XX) YX) KX KA KA 
. ee po aly 
tron 
iia bee 


Me — LOK | NOS 


=| 





= RIT RETTIS 


Vii — DAALAAAAKHA AABA KALA 
| toea_| ; tCEz 
trac 
Vow — | AY 5 
ue OPEN Wey! DATA-OUT »— 
teiz 


Red Don't Care 
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KM48V514B/BL/BLL CMOS DRAM 





WRITE CYCLE (EARLY CYCLE) 
NOTE : DouTt=OPEN 
tre 


tras 
Vin = 





: - | = 
we 

oe Wes KK 

; : SIX, notes | ADDRESS OX =< Faas VOR pomene 5 

WwW Vn —- ¥ \WAW, YOK) 

| ne er O00 re = OK 

a ~ RY SE eMOeeninent OW TIKI 

BaP RO Df mend G NNN 


tour 


7 WRITE CYCLE (OE CONTROLLED WRITE) 
“NOTE : DouT=OPEN 


tre 








tras 
Vin 


Vit 


e | ft off tcrp 
tH 
S Ie ay trap 
Soe 
tra 











< 





< 


tasr 


“x OOM ais DRUM RX ms RY 


‘ SL ererenteneenen 





twe ee 
Ooh Uh 


TE OOO ce | Leo RAR 


< 


Y 


t t 


D0-0oe OGM RRL XXX AX 


RY Don't Care 
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KM48V514B/BL/BLL CMOS DRAM 


READ-MODIFY-WRITE CYCLE 


Vin 
RAS Vi — 
torp 
Vin — 7YY/ 
CAS Vit — (x) tasr F 
Vis — KRY =o x» a) XXKXXXXXKXXXKKX XK KKK KA ue XXX, 
n Vi — WX ADDR a ADDRESSVX XXX XXXX XXXXKXKKK KK XA KAK KM 
‘ tawo — tawe 
towo : ——e-| tow. 
Vin {we AU A AY AN ANY 
Wale le Alea C TORKKX 
ac 
Vin ee eae 
FE KL 
trac eel 
DSc eee we —y paracut YY) { ae, D 
tez -\ 
HYPER PAGE READ CYCLE 
tRASP tRP 
ss VIK — tRHCP 
RAS Vil — } CAR 
tCRP Ptr ii a a 
AKG ais 1; tRAD tcas— & = 
CAS vi — ALS LJ —_ 
tos i Ie 4 =a i es 
taSR ‘AH ma A 
re ee 2 en [seen pu 
iH — \ \ M/S 
Re: OOS i en ee | ADDR bine OO? 
sti oa Me 
Ww mt XK \ 
ae Ho = PAD PY PPV tOEA 
cS OOO 
saves alle re 
toLz 


































( 
VoH — XA ¢ \ £ eC ‘ 
: tCLZ 
VALID 
DATA OUT 
hod Don't Care 
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HYPER PAGE WRITE CYCLE (EARLY WRITE) 


trasp - tre 


RAS tan tRHCP 


tcrp tHPc 


ena: taco tor 
= [ie NOT rm 
L tasr FE ie =| toau i 
Vn —O x |__| v7 Lng VEY, Lams 
Ae SK BRB DRO SHH DEM sakes optus 
«poem tl Leb tt cat eee 
Mo RT 1 SOOT Oat AXSXXXXS 


r\ 
pep 


top | 
{ 







=| 


L\4rdZ\ 


par-Da "SSSI obtain DOOR, olin DAK oititn DES 


tour 


HYPER PAGE READ-MODIFY-WRITE CYCLE 


trasp 


Vin — 


| 


pe) 
> 
na 


Vi — 


3 
> 
on 
< = 
I 
OF 
ai 





r a ges 
+ wa I ia ASSO) {Hat KOI 
trap 
2S ee 
Vin — AAV VVH 
Vi — SO mk a . 
tawp 
2s Gea ea a i ; 
Vi — 
taa 
toe a 
; Pees an tt f 
par~Das ““t— ot Q 


Vuo. — Ky 


=| 





VALID VALID touz VALID | 
DATA-OUT DATA-IN DATA-OUT — DATA-IN 


KX DON'T CARE 


VALID 
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HYPER PAGE READ AND WRITE MIXED CYCLE 


tcp 





trasp-———- 
OV READItCAC) { READ{tCPA) H WRITE i READ(tAA) 
RAS Vv : i ' y 

il — 1 n ! 
— ViqH — 
CAS eas 

cy ad 
ae pad PEWY 

n Viq — yea ‘tad Fa ua , ee COLUMN fo WK YY / aoa XY\ Foo. COG. VV 

vu — / oa ri i Ce /\Aappress AQ /\ A 7X. aod 

_ 
Ww Viq — x oF XX 
INV AX L\ 


cit mi " 
a) oleh ‘a 


; toca |__.J tREZ 
os 
eh 
WvoH — ery VALID Pe R\ A VALID 
A paTa-ouTP A DATA-IN 19,4 ) 


DQ1~DQs 7 
Yiees A DATA: ery KA DATA-OUT, 






OY Don't Care 
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RAS-ONLY REFRESH CYCLE 
NOTE : W, OE, DIN=Don't Care 





Dout=Open 
tac 
tras tre 

ARS Vin — 

Vi — 

tor tapc tone 

or Vin — A/V ¥ ; C00%, 
ve Vi — OY . 04 


tase tray 


mT RT nciBtss MRI 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE : W, OE, A=Don't Care 


tap 
Vin tras 


RAS 
Vin tapc 
tRPC 
top 
tcsr 
= tour 
— Vin YY Y YY YY YY YY 
Ty KEKE 
toez 
Vou — 
DQi1~DQs OPEN 
Vo. — ; 


RY Don't Care 
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HIDDEN REFRESH CYCLE (READ) 


tras 


‘ = 
Vit —~ 
4 
tcHA — 
e ad 


=| 


Vn - Y \) 
; hie Trae THER Ny 
trap 
trcs 


~ Oy | 


Mn ROCK SSS 


RY) - 






ROO 


ie) 
mi 


KOS 





torr 





trac 


Vv, eas ¥, 


HIDDEN REFRESH CYCLE (WRITE) 


tac 


trp 
tras 


Pe) 
> 
n 





tcHR 

tas io eee | 
= OO a OOM 1m XKXK KKK XS 
SEK abittos DYYX 


: a =f a, 


Q 
> 
7) 


> 













NOG 
twRH 





Fe = ROSEN V7 EES 
FE ig OO AX! AIS tntennaanne 
coo XXXAII vate oman DRONES OOK 


mp Don't Care 
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CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


== Vin — 
AAS IH 
Vi — 





Vin PYYYVVVYVYVYVYVVYVYVYVVYYVYVYY YY — —— YY VY YY YY ¥ YY VY YY ¥ ¥ ¥ 
ee HI 


READ CYCLE | is | blue 
Fe ORO XY 


ye OOK fee a 


torr 


Vv . 
Vi x) 


OL 









teiz 











_ WRITE CYCLE a Coen 
Vin — PY MSL Y YS Y VY VV VY VY WV VYY 
“g: +e OL YK 
Vin — AAA TOK VYYVY YY Y VYYVY ooo VY YY VAVAY, 
FM, ORI I I IOI HK 
Vou— — KX SOQIOOOOK x» 
Dar-Dae 2" oFen Slee: Ons 
READ-MODIFY-WRITE al bei 
e Vin — TWX V VV VV VY Ok wel AITVVVV 
TE YY CYS 
ta | 
E Vn — VUAASYYYVVVYVY YY VY YVVA VY YYAVV a 
Fn OO 4 . 
Da1-Dae yo" rey RR 


VALID DATA-OUT VALID DATA-IN 


KY Don't Care 
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PACKAGE DIMENSION 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


0.720(18.29) 0.027(0.69) 
r 0.730(18.54) ; ; MIN 
= = zs 

















| 

















als Sis o10 
e18 sig ale 9/2 
O|o N}O O1O TIE 
SS o|o remit) =| 
ola 2/2 Bik Ble 
| a ols 
DIS Ole M1% gs] 
g O/;O O10 oOlo 
Olo ale aa 








I 








=~ 








| L 0.026(0.66} 
0.032(0.81) ___} _9.140(3.56) 
0.148(3.76) 


i: aren 








[a] 0.004(0.1) 











0.016(0.41) 0.050(1.27) | 0.050(1.27) 
0.020(0.51) TYP MAX 


28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 


0.740 (18.80) ; 0.03 (0.80) 











0.459 (11.66) 
0.466 (11.86) 

















0.005 (0.13) 
0.008 (0.20 
| 0.722 (18.36) 0.037 (0.95) Gan 
0.726 (18.46) 0.041 (1.05) 
S& 0.08MAX | FOOD oo oo i= 


0.037 (0.95) 2 L. . 7 Ls 0.048 (1.22) | 0.016 (0.40) | 
0.052 (1.32) 0.020 (0.50) 


















0.016 (0.40) 
0.024 (0.60) 
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KM416V256B/BL/BLL 


CMOS DRAM 





256K x 16 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


- Performance range: 


tRAC tcac tre 


KM416V256B/BL/BLL-6 60ns 15ns = 110ns 


“KM416V256B/BLIBLL-7 -—«70ns-—~=S«20ns.—«1 30s. 
KM416V256B/BL/BLL-8 g0ns 20ns_—«-150ns 


Fast Page Mode operation 
2 CAS Byte/Word Read/Write operation 
CAS-before-RAS refresh capability 
RAS-only and Hidden Refresh capability 
Self Refresh operation (LL-version) 
TTL compatible inputs and outputs 
Early write or output enable controlled write 
Triple +3.3V+0.3V power supply 
Refresh Cycle 
-512 cycle/8ms (Normal) 
-512 cycle/64ms (L-version) 
-512 cycle/128ms (LL-version) 
Power Dissipation 
-Standby: 1.8mW (Normal) 

0.36mW (L-version) 

0.36mW (LL-version) 
-Active (60/70/80): 325/290/270mW 
» JEDEC standard pinout 
* Available in plastic SOJ and TSOP Il 


FUNCTIONAL BLOCK DIAGRAM 


Control 


Clocks 


| Jz 
J 2 
S| Sl al] 





$5225: 


VBB Generator 


GENERAL DESCRIPTION 


The Samsung KM416V256B/BL/BLL is a CMOS high 
speed 262,144 bit. 16 Dynamic Random Access 
Memory. Its design is optimized for low power | 
applications such as portable computer and hand-held 
system. 


The KM416V256B/BL/BLL features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. : 


The KM416V256B/BL/BLL is fabricated using 
Samsung's advanced CMOS process. 













— Vopo Lower 

i — Vss Data in 
Buffer DQ: 
to 
=e DQs 





Refresh Control 


Refresh Counter 
Row Address Buffer 
Col. Address Buffer 















Ao~As 










Memory Array 
262,144x16 
Cells 


Column Decoder 


Lower 
Data out 
- Buffer 













DQs 
to 
DQ tu 


Sense Amps & !O 










Upper 
Data out 
Buffer 
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KM416V256B/BL/BLL CMOS DRAM 





PIN CONFIGURATION (Top Views) 


* KM416V256BJ/BLJ/BLLJ * KM416V256BT/BLT/BLLT - KM416V256BTR/BLTR/BLLTR 






fo) 


























Von 40 (1) Vss Voo 1 40 Vss Vss 1 Vop 
DQ: (J 2 DQi6 DQ 2 39 DQi6 DQi16 2 DQ 
Da» ft] 3 DQI5 DQ2 3 38 DQ15s DQi5 3 DQ2 
DQ: Cy 4 DQu DQ3 4 37 DQi4 DQi4 4 DQ3 
DQ: 5 DQ13 DQ: 5 36 DQi3 DQi3 5 DQa 
Vop 6 35 Vss Vss 6 Vop 
vee se DQs (7 34 [ED DQ: DQi2 7 CO DAs 
Eee ed pole Das I] 8 33 En pan Dan 8 In DQs 
DQs 8 DQ: Dar 1] 9 32 [11 Dato DQi0 9 {Dar 
DQ; q 9 DQt0 DQs 10 DQs DQo 10 FM DQs 
DQs CJ] 10 DQo 
N.C. 11 N.C. 
N.C. gy 12 [CAS N.C. N.C. N.C ne 
WO13 UCAS N.C. UCAS UCAS N.C. 
FAS (| 14 oF Ww UCRS UCAS wo 
eae ite RAS E E RAS 
N.C. As As N.C. 
ay ae AY Ao Az Az Ao 
AVC 17 ie A As As es 
~ As A2 As As A2 
AS Aa As Aa As As 
Vop Vss Voo Vss Vss Vop 



























































Pin Name Pin Function Pin Name Pin Function 

Ao-Ag Address Inputs LCAS Lower Column Address Strobe 

DQ1-16 Data In/Out Ww Read/Write Input 

Vss ° | Ground OE Data Output Enable 

RAS Row Address Strobe Vbb Power(+3.3V) 

UCAS Upper Column Address Strobe N.C. No connection 
ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 
Paige on any pin relative to Vss VIN, VouT -0.5~4.6 Vv 
Se Voltage on Vop supply relative to Vss _ : Ute Voo j _ 05-46 =a Vv ; j 
| Storage Temperature Tstg -55 to + 150 “C 
: Power Dissipation . — Pp _ 4 ae - WwW 

Short Circuit Output Current . : ; . los | ae Oe 50 me MA 











* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 
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RECOMMEN DED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 









Parameter 


Supply Voltage 





Ground 


Input High Voltage 








Input Low Voltage 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 


Parameter 





Operating Current* 
(RAS, UCAS or LCAS, Address Cycling @trc=min.) 






KM416V256B/BL/BLL-6 
KM416V256B/BL/BLL-7 
KM416V256B/BL/BLL-8 





Standby Current 
(RAS=UCAS=LCAS=W=Vu ) 





RAS-Only Refresh Current* 
(UCAS=LCAS=Vin, RAS, Address Cycling @trc=min.) 









Fast Page Mode Current" 
(RAS=Vi_, UCAS or LCAS, Address Cycling @tec=min.) 


Standby Current - 
(RAS=UCAS=LCAS=W=Vpp-0.2V) 










-KM416V256B/BL/BLL-8 



























KM416V256B/BL/BLL-6 
KM416V256B/BL/BLL-7 
KM416V256B/BL/BLL-8 


KM416V256B/BL/BLL-6 
KM416V256B/BL/BLL-7 


KM416V256B 
KM416V256BL 
KM416V256BLL 











CAS-Before-RAS Refresh Current* 
(RAS, UCAS or LCAS Cycling @trc=min.) 





Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(Vin)=Vop-0.2V 
Input Low Voltage(Vit}=0.2V xCAS=ViL 

Din=Don't Care, TRC=125uS 

TRas=TRAS min.~300ns 





Self Refresh Current 
RAS=xCAS=0.2V 
W=OE=Ao-As=Vpp-0.2V or 0.2V 
DQ1-DQ16=Vop-0.2V, 0.2V or Open 


Input Leakage Current 











KM416V256B/BL/BLL-8 


(Any input 0<Vin <Vo0p+0.3V, all other pins not under test=0 V) 


KM416V256B/BL/BLL-6 
KM416V256B/BL/BLL-7 


KM416V256BL 


KM416V256BLL 











Ioc4 











Icce 











L 
Output Leakage Current 
(Data out is disabled, OV<VouT<Vopp) 











Output High Voltage Level (lou=-2mA) 








Output Low Voltage Level (lo.=2mA) 





“NOTE: Ic¢c1, icc3, Icca and loce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. in Icc1 and Icc3, address can be changed maximum 
two times while RAS=VIL. In Icc4, address can be changed maximum once within one fast page cycle.. 
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KM416V256B/BL/BLL - CMOS DRAM 





CAPACITANCE (1=25°c, Vov=3.3v, f=1MHz) 


oe ee ee 


Input Capacitance (Ao~As) 
















Input Capacitance (RAS, LCAS, UCAS, W, OE) 
Input Capacitance (DQ:1~DQ16) 





AC CHARACTERISTICS (0°C<Ta<70°C, Vop=3.3V +0.3V, See notes 1,2) 


6 -7 -8 
Parameter Symbol 
Min | Max | Min!} Max | Min| Max ; 















































































Random read or write cycle time tre | 110 "130 150 ns 

bac 
Read-modify-write cycle time tawc | 155 185 205 
Access time from RAS _|_ trac 60 70}; ° | 
Access time from CAS tcac 15 20 | aE 20 
Access time from column address tAA 30 35 | 40 | ns 3,11 
CAS to output in Low-Z tcLz 0 0 [ 0 [ns 3 _| 
Output buffer turn-off delay tOFF 0 15 0 15 0 15 | ns 7 
Transition time (rise and fall) tT 3 50 3 i 50 3 50] ns 2 
RAS precharge time tRP 50 60; | ns 
RAS pulse width tras | 60 10,000| 70] 10,000| 80| 10,000] ns 
RAS hold time tRSH 20 20 ns 
CAS hold time tcsH | eo] | 704 80 ns 
CAS pulse width tcas 10,000 | 20| 10,000] 20| 10,000 | ns 
RAS to CAS delay time 50| 20| 60| ns | 4 
RAS to column address delay time 35| 15 40| ns 11 
CAS to RAS precharge time 5 ns 
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Row address set-up time ns 





Row address hold time 





Column address set-up time 





Column address hold time 











Column address hold time referenced to RAS 








Column address to RAS lead time 





Read command set-up time 





Read command hold time referenced to CAS 








Read command hold time referenced to RAS 











Write command set-up time 








Write command hoid time 








Write command hold time referenced to RAS 











Write command pulse width 








Write command to RAS lead time 























Write command to CAS lead time 
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AC CHARACTERISTICS (Continued) 

















































































































Parameter | Symbol} --- ---y = pee pr | Uinttee Notes | 
Min| Max | Min| Max | Min) Max | i 
Dataset-uptime 55 Nit ete Pe 2. 0} 0: / ns: 10 
Dataholdtime | ton ee 15 15 | ns | 10 
Data hold id time referenced to to. RAS 7 tDHR 50 “| 55 60 | ; 1s 6 
Refresh period (Normal) ; | trer 8 8 81 ms 
Refresh period (L-version) RF | ea] | 64 4m 
Refresh period (LL-version) = ter | | S128); | 128 | | 128. ms : 
|CAStoWdelaytime = tewo | 40 50 50 ns 8 
RAS to W delay time _ ee | trwo | 85 | 95 | 105 : ns 8 
Column address to W delay ti time > oO tawo_ 55 | 60 65 ns 8 
CAS precharge | to W delay time ; tcpwo| 60 | | 65 70 ns 
CAS ‘set-up time (CAS-b before- RAS refresh) tcsR 10 | | 10 | 10 : ns 
CAS hold time (CAS-before-RAS fefresh) {CHR 7. 10 i 610 | 10 ns 
RAS precharge to CAS hold time treo | 5 5 ! A’ | ons | 
[CAS p precharge time (C- -B- R counter test cycle} | tcPT 20 | | 25 ; _ 30 | ns 
Access time from CAS precharge tPA | 8H, |, 5s 
[Fast Pagemodecycletime te A 58D ns 
Fast Page mode read-modiy-write cycle time teve 80) | 95 100s 
FFAS pulse width Fast Page mode) | tase | 60 100K 70, 100K 80 100K ns 
[RAS hold time from CAS precharge | tro | 9540. 45. ns 
GAS precharge time Fast Page mode) toe | 10. j 10) = 10. cae 
AccesstimefromOE - tora | 15 20. 20 ns 
OE to di data-in delay time = : - | toe0 ' 15 20 | , 20 | ons 
Out put buffer turn off delay time from OE a NORE i 0 15 | 0 20; 0 20° ns 
[OE commend holdtime es | tory | 15) | 20° m8 eee 
RAS pulse width C- B-R self refresh) — _[ trass | 100] =; 100) | 100 | i ws. 12 
RAS precharge time (C- -B- R self refresh) — it tres | 110 lee 130 | | 150 | ns 1: 
CAS hold time (C-B-R self refresh) | tCHS ~50 | i -50 | — -60' ns 12 
KM416V256B/BL/BLL Truth Table 
RAS LCAS | UCAS | W _ | OE * DQi1~DQs DQo9~DQi6 STATE 
H 2 i he | x |. x HI-Z : -HI-Z Standby 
Pe Pet es ee, ee, ee ee H-Z HZ Refresh 
L ct | #4 cs H of Lf DQ-OUT : _HI-Z Byte Read 
Rete 1s L Le | Ho} ot | baour ‘DQ. -OUT | Word Read 
L L H ae L ue . | & Byte Write 
on H L Lc | on | - DQ-IN | Byte Write 
c | oc f[ tf tc H | DOIN; Dan, Word Write 
2 a eae ae ee eee HZ : | 
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NOTES 


1. An initial pause of 200us is required after power-up followed by any 8 RAS-only or CAS-before-RAS refresh cycles 
before proper device operation is achieved. 

2. Vid(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are measured 
between ViH(min) and ViL(max) and are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 1 TTL loads and 100pF, Voh=2.0V and Vol=0.8V 

4. Operation within the tacp(max) limit insures that trac(max) can be met. tacp(max) is specified as a reference point 
only. If tacp is greater than the specified tacp(max) limit, then access time is controlled exclusively by tcac. 

5. Assumes that tRCcD > tRCp (max). 

6. tar, twcr, tbHR are referenced to trap(max). 

7. toFF(max) defines the time at which the output achieves the open circuit condition and is not referenced to VOH or 
VOL. 

8. twcs, trwp, tcwo and tawo are non restrictive operating parameters. They are included in the data sheet as electric 
characteristics only. If twcs>twcs(min) the cycle is an early write cycle and the data output will remain high 
impedance for the duration of the cycle. If tcwo >tcwp(min), tRwo >trRwo(min) and tawo >tawp(min), then the cycle 
is a read-write cycle and the data output will contain the data read from the selected address. If neither of the 
above conditions are satisfied, the condition of the data out is indeterminate. 

9. Either tRcH or tRRH must be satisfied for a read cycle. 

10. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in read- 
write cycles. 

11. Operation within the trap(max) limit insures that trac(max) can be met. tRAD(max) is specified as a reference point 
only. If tRaD is greater than the specified tRap(max) limit, then access time is controlled by taa. 

12. 512 cycles of burst refresh must be executed within 8ms before and after self refresh, In order to meet refresh 
specification. 

13. tasc, tcaH are referenced to the earlier CAS falling edge. ; 

14. tcp is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the next cycle. 

15. tcwp is referenced to the later CAS falling edge at word read-modify-write cycle. 

16. tcw is specified from W falling edge to the earlier CAS rising edge. 
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17. tcsr is referenced to darlier CAS falling low before RAS transition low. 
18. tCHR is referenced to the later CAS rising high after RAS transition low. 
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19. tbs, toH is independetly specified for lower byte Dini1~s), upper byte Dinig~16) . 
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TIMING DIAGRAMS 6 continued) 
LOWER BYTE READ CYCLE 
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TIMING DIAGRAMS (continued) 
WORD WRITE CYCLE (EARLY WRITE) 
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_ TIMING. DIAGRAMS (Continued) 
UPPER BYTE WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAMS (Continued) 
LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 
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TIMING DIAGRAMS (Continued) 
WORD READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS (Continued) 
UPPER-BYTE READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS (continued) 
FAST PAGE MODE LOWER BYTE READ CYCLE 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE WORD WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAMS (continued) 
FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAMS (Continued) 
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TIMING DIAGRAMS (continued) 


RAS ONLY REFRESH CYCLE 
NOTE: W, OE=Don't Care 
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TIMING DIAGRAMS (continued) 
HIDDEN REFRESH CYCLE (READ) 
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TIMING DIAGRAMS (continuea) 
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PACKAGE DIMENSION . ; 
40-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 
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= [| 
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256K x 16 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES 


¢ Performance range: 


KM416V254B/BL/BLL-6 | 60ns 





130ns| 29ns 


KM416V254B/BL/BLL-7 








KM416V254B/BL/BLL-8 | 80ns 


« Fast Page Mode with Extended Data out 

» Byte word Read/Write operation 

. CAS-before-RAS refresh capability 

» RAS-only and Hidden Refresh capability 

* Self Refresh operation (LL-version) 

« TTL compatible inputs and outputs 

« Early write or output enable controlled write 

¢ Triple 3.3V +0.3V power supply 

« Refresh Cycle 

-512 cycle/8ms (Normal) 

-512 cycle/64ms (L-version) 

-512 cycle/128ms (LL-version) 

Power Dissipation 

-Standby : 1.8mW(Normal) 
0.36mW(L-version) 
0.36mW(LL-version) 

-Active (60/70/80 ): 255/235/220mW 

« JEDEC standard pinout 

« Available in plastic SOJ and TSOP Il 


FUNCTIONAL BLOCK DIAGRAM 










GENERAL DESCRIPTION 


The Samsung KM416V254B/BL/BLL is a CMOS high 
speed 262,144 bitx 16 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, graphics and 
high performance portable computers. 


The KM416V254B/BL/BLL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 


The KM416V254B/BL/BLL is fabricated using 
Samsung's advanced CMOS process. 
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PIN CONFIGURATION (Top Views) 


Vop 


Dai 


DQ2 
DQ3 
DQ4 
Vpp 
DQs 
DQe 
DQ7 
DQs 


+ KM416V254BJ/BLJ/BLLJ 
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7 
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Vop 1 40 Vss 
DQ: 2 DQI6 
DQz2 3 DQis 
DQs 1] 4 DQi4 
DQs4 5 DQi3 
Vpp 6 Vss 
DQs 7 DQi2 
DQ6 8 DQi1 
DQ7 9 DQto 
DQs 10 DQs9 
N.C. N.C, 
N.C. CCAS 
W UCAS 
RAS E 
N.C. As 
Ao Az 
Ai As 
A2 As 
A3 A4 
Vop Vss 


¢ KM416V254BTR/BLTR/BLLTR 




















| 











Pin Name Pin Function 

Ao-As Address Inputs 

DQ1~16 L Data In/Out 

Vss | Ground | 
RAS Row Address Strobe 

UCAS | Upeer Column Address Strobe 
LCAS Lower Column Address Strobe 
WwW | Read/Write Input 

OE | Data Output Enable 

Vop Power(+3.3V) 


| 











C. No Connection 





1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
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ABSOLUTE MAXIMUM RATINGS 





























Parameter Symbol Rating [Units 
Voltage on any pin relative to Vss Vin, Vout | -0.5~4.6 V 
Voltage on Vpp supply relative to Vss Vpp -0.5~4.6 V 
Storage Temperature | Tstg -55 to + 150 i °C 
Power Dissipation | Pp ah 1 WwW 
Short Circuit Output Current los 50 mA 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage rafereried to Vss, Ta=0 to 70°C) 



























































































































Parameter Symbol Min Typ Max Unit 
Supply Voltage Vpp iL 3.0 3.3 3.6 V 
Ground Vss 0 , 0 ‘ 0 Vv 
Input High Voltage VIH 2.1 — Vpp+0.3 Vv 
|e tT 
‘Input Low Voltage VIL -0.3 — 0.8 Vv 
DC AND OPERATING CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted) 
Parameter Symbol; Min |; Max | Units 
Operating Current” KM416V254B/BL/BLL-6 
a : ; KM416V254B/BL/BLL-7 Icec1 - 
(RAS, UCAS=LCAS, Address Cycling @trc=min.) KM416V254B/BL/BLL-8 60 ak 
ae 7 a | 
Standby Current — 7 1 aK 
(RAS=UCAS=LCAS=W=ViH ) 
ees _| | 
ae KM416V254B/BL/BLL-6 70 mA 
RAS-Only Refresh Current* 
MAKE TS a : : KM416V254B/BL/BLL-7 Icc3 - 65 mA 
(UCAS=LCAS=ViH, RAS, Address Cycling @tRc=min.) KM416V254B/BL/BLL-8 1 60 fk 
+ 
Hyper bage Mode Sareni® KM416V254B/BL/BLL-6 60 | mA 
Bilis . F KM416V254B/BL/BLL-7 Icca - 55 mA 
(RAS=ViL, UCAS=LCAS, Address Cycling @tec=min.) KM416V254B/BL/BLL-8 50 ane 
‘a za — 
KM416V254B 500 HA 
Standby Current 
RE GKS IKE Von. KM416V254BL Iccs - 100 uA 
(RAS=UCAS=LCAS=W=Vop-0.2V) KM416V254BLL 100 uA 
T 4 T 
CAS-Before-RAS Refresh Current* Moyet UES “0 mA 
(RAS and UCAS-LCAS Cycling @trc=min) » KM416V254B/BL/BLL-7 Icce - 65 mA 
i Zi Dee arg KM416V254B/BL/BLL-8 |_| 60 | ma 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(Vin}=Vpp-0.2V 
Input Low Voltage(ViL)=0.2V KM416V254BL Icc7 - 200 LA 
UCAS=LCAS=0.2V 
Din=Don't Care, TRo=125uS Tras=TRas min.~300ns 
Self Refresh Current 
RAS=UCAS=LCAS=0.2V 
We=OE=Ao-As=Vpp-0.2V or 0.2V KM416V254BLL locs - 100 uA 
DQ1-DQ16=Vbp-0.2V, 0.2V or Open 
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DC AND OPERATING CHARACTERISTICS (continue) 


(Recommended operating conditions unless otherwise noted) 


Parameter Symbol | Min | Max | Units | 























Input Leakage Current , I -10 10 A 

(Any input 0<Vin <Vpp+0.3V, all other pins not under test=0 volts.) a i . 

Output Leakage Current 

(Data out is disabled, 0V<Vour< Vo») a in) | By ca a 
Ex High Voltage Level (loH=-2mA) Vou 2.4 -— ba Vv 

Output Low Voltage Level (loL=2mA) VOL - 0.4 V 


*NOTE: Icc1, Icc3, Icc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, address can be changed maximum 
two times while RAS=ViL. In Icc4, address can be changed maximum once within one hyper page cycle. 


CAPACITANCE (ta=25°C, Vop=3.3V, f=1MHz) 


saan 


Input Capacitance (Ao~As) 
Input Capacitance (RAS, UCAS, LCAS, W, OE) 
Input Capacitance (DQ1~DQ16) 

















AC CHARACTERISTICS (°c <Ta<70°C, Vop=3.3V +0.3V, See notes 1,2) 


6 -7 8 
Buia eG ae RE Za res, See Pe 
7 | Min | Max | Min| Max | Min | Max 

























































































Random read or write cycle time + tRC 110 ail 130 150 ns of 
eee cycle time “ii trwc | 155 | 185 205 a ns To 
Access time from RAS ine 60 | 70 80} ns | 3,4,11 
Access time from CAS tcac 17 | 20 20 ks ns | 3,4,5 
Access time from column address a 30 | 35 40| ns 3,11 
CAS to output in Low-Z teiz 3 3| if 3 C ns 
Turn-off delay from CAS teez | 3 15 | 3 20| 3 20 ie [7.14 | 
Transition time (rise and fall) tr 2 50| 2 is 50 | 2 50] ns 2 
RAS precharge time ] tRP 40 | 50 60, ns r 1 
RAS pulse width | ts 60 | 10,000 70 V0 5a _80 | 10,000 | ns i : 
RAS hold time tRSH 17 =H 20 | ty 20 | ns 
| CAS hold time test 50 E 60 70 ns [_ a 
CAS pulse width ese 10 | 10,000 | 15 10,000 | 20 | 1000 | ns 12 
RAS to CAS delay time trep | 20 45 | 20 50 | 20 60| ns { 4 | 
RAS to column address delay time | tRAD 15 30 eh 35 sl 40/ hs 11 
CAS to RAS precharge time tcRP 5 | 5 5 ns a Zz 
Row address set-up time aes 0} - C 0 {ol fe: ns 
Row address hold time |_tRAH 10 a 10 sil . ns_| | 
Column address set-up time tasc 0 " 0 0 iF ns 
-| Column address hold time tCAH 15 15 15 ns 
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AC CHARACTERISTICS (Continued) 


Parameter 


Column address hold time referenced to RAS 








Column address to RAS lead time 








Read command set-up time 














Read command hold time referenced to CAS 





Read command hold time referenced to RAS 














Write command hold time 


Write command hold time referenced to RAS 





Write command pulse width 





Write command to RAS lead time 











Write command to CAS lead time 








Data set-up time 























| Data hold time 























‘| Data hold time referenced to RAS 





Refresh Period (Normal) 














Refresh Period (L-ver) 

Refresh Period (LL-ver) 

Write command set-up time 
CAS to W delay time 

RAS to W delay time 

Column address to W delay time 

















CAS precharge to W delay time 
CAS set-up time (CAS-before-RAS refresh) 























CAS hold time (CAS-before-RAS refresh) 











RAS to CAS precharge time 





CAS precharge time (C-B-R counter test cycle) 





Access time from CAS precharge 





Hyper Page mode cycle time 








Hyper Page mode read-modity-write cycle time 





CAS precharge time (Hyper Page mode) 








RAS pulse width (Hyper Page mode) 





RAS hold time from CAS precharge 














OE access time 

















OE to data delay 











Output buffer turn off delay time from OE 





OE commend hold time 

















OE to Output in Low-Z 





Output data hold time 





Output buffer turn off delay from RAS 
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KM416V254B/BL/BLL - CMOS DRAM 
AC CHARACTERISTICS (continuea) 
. 6 -7 8 
Parameter ‘Units | Notes 
Min} Max | Min} Max | Min! Max | - 
Output buffer turn off delay from W tWeEz 15 3 20 3 20| ‘ns Z 
W to data delay tweD 20 20 . ns 
OE to CAS hold time tOCH 5 | 5 ‘ns 
CAS hold time to OE tCHO 5 5 “ns 
— kana F saat 
OE precharge time toEP 5 5 ns - 
W pulse width (Hyper Page Cycle) twPeE 5 5 ns_| | 
RAS pulse width(C-B-R self refresh tRASS 100 | 100 ws | 13 
RAS precharge time (C-B-R self refresh) tRPS 130 150 ns 13 
CAS hold time (C-B-R self refresh) tCHS -50 -50 ns 13 








KM416V254B/BL/BLL Truth Table 
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RAS | CCAS | UCAS | W | OF | Dai-Das | Da-pae | STATE 
H x ae ae: x HI-Z HI-Z Standby 
L H | =H X X HI-Z HI-Z Refresh 
L H H L DQ-OUT HI-Z Byte Read 
L H L H L HI-Z DQ-OUT Byte Read 
Ea ayes ae L H L DQ-OUT DQ-OUT Word Read _ 
L L H H DQ-IN - Byte Write 
L | - : DQ-IN Byte Write 
L L L L H DQ-IN DQ-IN Word Write 
L ce ch a te HI-Z HI-Z : 
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NOTES 


1. 


o 


o 


“Ni 


11. 


12. 
13. 


14. 


15. 
16. 
17. 
18. 


19. 
20. 


An initial pause of 200s is required after power-up followed by any 8 ROR or CBR cycles before device operation 
is achieved. 


. Vin(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are measured 


between ViH(min) and ViL(max) are assumed to be 5ns for all inputs except tHec and tHPRWC. 


. Measured with a load equivalent to 1 TTL loads and 100pF, Voh=2.0V and Vol=0.8V 
. Operation within the trcp(max) limit insures that trac(max) can be met. trcp(max) is specified as a reference point 


only. If tacp is greater than the specified tacb(max) limit, then access time is controlled exclusively by tcac. 


. Assumes that tacb > trop (max). 
. tar, twor, toHR are referenced to tRAD(max). 
. This parameter defines the time at which the output achieves the open circuit condition and is not referenced to 


VOH or VOL. 


. twes, trwp, tcwo and tawp are non restrictive operating parameters. They are included in the data sheet as electric 


characteristics only. If twcs>twcs(min) the cycle is an early write cycle and the data output will remain high 
impedance for the duration of the cycle. If tcwo >tcwo(min), two >trRwo(min) and tawD > tawp(min), then the cycle 
is a read-write cycle and the data output will contain the data read from the selected address. If neither of the 
above conditions are satisfied, the condition of the data out is indeterminate. 

Either tRcH or tRRH must be satisfied for a read cycle. 


. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in read- 


write cycles. 

Operation within the trao(max) limit insures that trac(max) can be met. tRaD(max) is specified as a reference point 
only. !f trap is greater than the specified tRao(max) limit, then access time is controlled by ta. 

tasc > tcp min, Assume tT=2.0 ns 

512 cycle of burst refresh must be executed within 8ms before and after self refresh in order to meet refresh 
specification (LL-Ver) 

if RAS goes high before CAS high going, the open circuit condition of the output is achieved by CAS high going. If 
CAS goes high before RAS high going, the open circuit condition of the output is achieved by RAS high going. 
tasc, tcaH are referenced to the earlier CAS falling edge. 

tcp is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the next cycle. 
tcwo is referenced to the later CAS falling edge at word read-modify-write cycle. 

tcw is specified from W falling edge to the earlier CAS rising edge. 


LCAS 


Cor F 


ADD. ROM Ee DRY ee KROL RLYY 


S| 








tcsr is refernced to earlier CAS falling low before RAS transition low. 
tcHR is referenced to the later CAS rising high after RAS transition low 
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21. tbs, tDH, is independently specified for lower byte Din(1-8), upper byte Dinig~16) . 
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TIMING DIAGRAM 


WORD READ CYCLE 
NOTE : Din=OPEN 


tRc 


—. VH— 
RAS 
vcas OF == 


coms *- KY = a 
TRAD ml 
tRAH 
vin = AA aie Eo =a COLUMN =p XX) SIND 
Vi - XX? meee ADDRESS ‘a es XXX xy 
(ee 


We OOOO OG 
re mene e | AXQQOO YY) 


| tcac tcEz 
ie a tcLz 
VIH — TW 
DQi-DGe OPEN im XON DATA-OUT 
IL — 
= 


; Viq - aN 
DQo9~DQis ne () PEN ree s SX DATA-OUT 
Vit ~ | toiz § 





> 





9 
m 


Ky Don't Care 








ELECTRONICS 


KM416V254B/BL/BLL CMOS DRAM 





TIMING DIAGRAM 
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UPPER BYTE READ CYCLE 
NOTE : Din=OPEN 
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KM416V254B/BL/BLL  —=s—> CMOS DRAM 


WORD WRITE CYCLE (EARLY WRITE) 
NOTE : Dout=OPEN _ . 
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LOWER BYTE WRITE CYCLE (EARLY WRITE) 
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UPPER BYTE WRITE CYCLE (EARLY WRITE) 
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WORD WRITE CYCLE (OE CONTROLLED WRITE) 
NOTE : Dout=OPEN 
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LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 
NOTE : DouTt=OPEN 
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UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 
NOTE : DouT=OPEN 
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WORD READ-MODIFY-WRITE CYCLE 
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PACKAGE DIMENSION ? 
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KM41C16000A/AL/ALL/ASL 


CMOS DRAM 





16M x1 Bit CMOS Dynamic RAM with Fast Page Mode 
FEATURES 


« Performance range: 








KM41C16000A/AL/ALL/ASL-5 
KM41C16000A/AL/ALL/ASL-6 | 60ns 15ns 
KM41C16000A/AL/ALL/ASL-7 | 7Ons 20ns | 130ns 
KM41C16000A/AL/ALL/ASL-8 


























« Fast Page Mode operation . 

* CAS-before-RAS refresh capability 

« RAS-only and Hidden Refresh capability 
« Fast parallel test mode Capability 

¢ TTL compatible inputs and outputs 

« Common I/O using Early Write 

¢ Single+5.0V+ 10% power supply 

« 4096 cycles/64ms refresh 

« 4096 cycles/128ms (Low Power & Self Ref.) 
« 4096 cycles/256ms (Super Low Power) 

¢ JEDEC standard pinout 

¢ Available in plastic SOJ and TSOPi(II) 


FUNCTIONAL BLOCK DIAGRAM 






Control 
Clocks 












Refresh Timer : 


Refresh Control 


Refresh Counter 
Row Address Buffer 
Col. Address Buffer 





AO~A11 


F Vec 


Memory Array 
16,777,216 x1 


Column Decoder 


GENERAL DESCRIPTION 


The Samsung KM41C16000A/AL/ALL/ASL is a high 
speed CMOS 16,777,216 bit x 1 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM41C16000A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and output are fully TTL compatible. 


The KM41C16000A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 













Data in 
Buffer 










Sense Amps & lO 







Data out 
Buffer 











dice 


ELECTRONICS 


559 





KM41C16000A/AL/ALL/ASL | CMOS DRAM 





PIN CONFIGURATION (Top Views) 


* KM41C16000 AJ/ALJ/ALLJ/ASLJ =» KM41C16000 AT/ALT/ALLT/ASLT + KM41C16000 ATR/ALTR/ALLTR/ASLTR 
AK/ALK/ALLK/ASLK . AS/ALS/ALLS/ASLS ASR/ALSR/ALLSR/ASLSR 


Voc 





J: 400MIL T : 400MIL(Forward) TR : 400MIL(Reverse) 
K : 300MIL S: 300MIL(Forward) SR : 300MIL(Reverse) 


Pin Name 





Address Inputs 









































D Data In | 
Q Data Out 

RAS Row Address Strobe 

CAS Column Address Strobe 

WwW | Read/Write Input 

Vcc Power(+5.0V) 

Vss Ground 

N.C. No connection 
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KM41C16000A/AL/ALL/ASL CMOS DRAM 
ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 
-Voltage on Any Pin Relative to Vss | Vin, VouT -1 to +.7.0 Vv 
Voltage on Vcc Supply Relative to Vss Vcc SAO AO V 
Storage Temperature Tstg -55 to + 150 °C 
Power Dissipation PD i 2) 4 ect Ww fi 
Short Circuit Output Current los 50 mA 

















* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 
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Parameter Symbol Min Typ Max Unit 
Supply Voltage Vcc 4.5 5.0 5.5 V 
Ground Vss 0 0 | 0 Vv 
Input High Voltage Vin 2.4 — Vec + 1 V 
Input Low Voltage Vit -1.0 _ 0.8 Vv 
DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 
Parameter Symbol] Min | Max | Units 
KM41C16000A/AL/ALL/ASL-5 90 mA 
Operating Current* KM41C16000A/AL/ALL/ASL-6 ee 7 80 mA 
{RAS and CAS Cycling @trRc=min.) KM41C16000A/AL/ALL/ASL-7 70 “mA 
st KM41C16000A/AL/ALL/ASL-8 60 f mA 
KM41C16000A | 2 | mA 
Standby Current KM41C16000AL en P 1 mA 
(RAS=CAS=W=Vin ) KM41C16000ALL 1 mA 
. KM41C16000ASL 1 mA . 
; 
KM41C16000A/AL/ALL/ASL-5 | 90 mA 
RAS-Only Refresh Current" KM41C16000A/AL/ALL/ASL-6 as : 80 mA . 
(CAS=Vin, RAS Cycling @trc=min.) KM41C16000A/AL/ALL/ASL-7 70 mA 
KM41C16000A/AL/ALL/ASL-8 - | [: 60. mA 
KM41C16000A/AL/ALL/ASL-5 80 mA 
Fast Page Mode Current” KM41C16000A/AL/ALL/ASL-6 (664 7 70 mA 
(RAS=ViL, CAS, Address Cycling @tec=min.) KM41C16000A/AL/ALL/ASL-7 60 mA 
KM41C16000A/AL/ALL/ASL-8 50 mA 
KM41C16000A 1 mA 
Standby Current KM41C16000AL ies - 300 HA 
(RAS=CAS=W=Vcc-0.2V) KM41C16000ALL 200 | 4A 
KM41C16000ASL 200 uA 
— KM41C16000A/AL/ALL/ASL-5 | 90 mA 
CAS-Before-RAS Refresh Current* KM41C16000A/AL/ALL/ASL-6 lege b> 80 mA 
(RAS and CAS Cycling @trc=min.) KM41C16000A/AL/ALL/ASL-7 70 mA 
KM41C16000A/AL/ALL/ASL-8 60 mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(ViK}=Vec-0.2V ~ KM41C16000AL 450 aif 
Input Low Voltage(ViL)=0.2V CAS=CAS-Before-RAS KM41C16000ASL lec? - 350 A 
Cycling or 0.2V Din=Don't Care Trc=31.5«S(L-Ver.) 2 
62.54S(SL-Ver.), TRas<min~300ns 
561 








- KM41C16000A/AL/ALL/ASL CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Continued) 


(Recommended operating conditions unless otherwise noted) 


aramncter iY Sb Mn | | 
Self Refresh Current 

D,Q=Vcc-0.2V, 0.2V or Open 

Input Leakage Current | w | a0] 20 uA 
(Any input O<Vin <Vcc+0.5V, all other pins not under test=0 volts.) 

Output Leakage Current 

|(Bata out is disabled, OV< Vout <Vcc) 
Output High Voltage Level (loH=-5mA) 
Output Low Voltage Level (loL=4.2mA) 
































*NOTE: Icc1, Icc3, Icca and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=ViL. In Icca, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE cta=25°c, voc=5v, f=1MHz) 


[Parameter ———S*dC«S abot [Min | Max [Unit 









Input Capacitance AS.CASW —SSC«d| Cs S| S|) 
Input Capacitance (Q) . | cor | - | pF 
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AC CHARACTERISTICS (°C <Ta<70°C, Vcc=5.0V +0.5V, See notes 1,2) 


Ss Sr Et | Ht 


[Random eadorwitecjcietime | two | 90) | sto) | ao] | tg) | | 
Read-modify-write cycle time (105; | 205, | ws | 


Access time from RAS 

Access time from CAS 

Access time from column address 
CAS to output in Low-Z 

Output buffer turn-off delay 
Transition time (rise and fall) 
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RAS precharge time 
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RAS hold time | 20] | 
CAS hold time | 50 





CAS pulse wiath toss 10,000 | 15 
RAS to CAS delay time 


RAS to column address delay time | tran | 15 | 
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AC CHARACTERISTICS (Continued) 


: jax 
































Row address set-up time tasR 0 
Row address hold time tRAH 10 
Column address set-up time . | tasc 0 
Column address hold time ee 10 
Column address hold time referenced to RAS taR 40 
Column address to RAS lead time me | 3 
Read command set-up time tRCS 0 
be command hold time referenced to CAS tRCH 0 





Read command hold time referenced to RAS tRRH 0 


0 
Write command hold time tWCH 10 1 15 15 ns 
A 























Write command hold time referenced to RAS twer | 40 45 55 60 ns 
Write command pulse width twe | 10 ial | 1 [_ 15 ns | . 
a 4+. =a 
Write command to RAS lead time trw, | 15 15] _| 2 20 NS 
eas 4 -— | 
Write command to CAS lead time 13 15 20 20 ns 
Data set-up time tps 0 a 0 0 0. ns 10 
Data hold time tor | to] | t0 15 | | ns | 10 


Data hold time referenced to RAS tOHR | ao} | 45 55 60 ns 6 


Refresh period (Normal) | ter | | 6 64 - 64 64 | ms 







































































Refresh period (Low Power & Self Ref.) : tREF 128 128 128 128 | ms 

Refresh period (Super Low Power) ze ter 256 a 256 256 = 256 | ms 

Write command set-up time [ue 0 “| 0 _| 0 [ns o 8 | 
ca all delay time — tcwD 1 5 | 20 poet be ns_| 8 
RAS to W delay time tRWD 60 70 80 ns 8 
Column address to W delay time tawo 30 if bias 35 | mi ue | ns | 8 | 
CAS set-up time (CAS-before-RAS refresh) + tcsr to} | 10 [ _|_ 10 | os | 

CAS hold time (CAS-before-RAS refresh) tCHR 10 | oe ee {ns | 

RAS to CAS precharge time =| tRPC 5 5 | 5] _|_ ts — 
CAS precharge time (C-B-R counter test cycle) |_ torr 20 call a | 

Access time from CAS precharge {CPA 30 iz 35 en Ue 40 45) ns 3 
Fast Page mode cycle time | tee 40 bead =| | ns 

Fast Page mode read-modify-write cycle time | tPRWC 60 | 70 1 ns 

CAS precharge time (Fast Page mode) Ne 10 | | 10] | 40 \~ "<4 ime | 
RAS pulse width (Fast Page mode) tRASP 200K 60 | 200K | 70 | 200K =| 200K | ns es = 
RAS hold time from CAS precharge [_ truce 35 & — 40 | azil| 45 case Ee 

Write command set-up time (Test mode in) twts n 





























Write command hold time (Test mode in) {wTH 
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AC CHARACTERISTICS (Continued) 


oe Saar ane 
in| Max | Min| Max | in| Max | Min | Max | 










Parameter 








W to RAS precharge time (C-B-R refresh) 
W to RAS hold time (C-B-R refresh) 

| RAS pulse width (C-B-R refresh) 

RAS precharge time (C-B-R refresh) 

CAS hold time (C-B-R refresh) 





























TEST MODE CYCLE " (Note 12) 


| ee 
rorenietst Symbol Fin Max | win[ Max | Min[ Max | min| a Units | Notes 
Random read or write cycle time Pts | 95] fats] fas] | 55 ns | | 
eaaeiiae cycle time | twc | 138| | t60] | 190 210 ns 
| Access time from RAS | tac |. | 55] | 65) 75| @5| ns sa 1 | 
Access time from CAS | tac | | ta] 20 25 in 25; ns | 3,45 
aces time from column address ta | | 30] | 40 45 ns 3,11 | 
"| RAS pulse width aac Feel Gil 85 | 10,000| ns 
CAS pulse width | teas | 18] 10,000] 20{ 10,000] 25| 10,0001 25| 10,000| ns | 
JFAShodtime tom | tw] zo] | || 
CAS holdtime | tor | 55] | 6] | 25 85 ns 
Column address to RAS lead time 
tcwo | 18 


CAS to W delay time 


RAS to W delay time | two | 55 65 75 85 | highs 
Column address to W delay time . | tawD 35 “| 45 _[_ ns 8 | 
Fast Page mode cycle time i tpc 45 50 ale 56 | ns 


Fast Page mode read-modify-write cycle time 58 


RAS pulse width (Fast Page Mode) tRASP 200,000 
Access time from CAS precharge tCPA 


—_ 










































































200,000 a 200,000) 85 200,000) ns 
45 = 50 ne | 3 
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NOTES 


1. An initial pause of 200s is required after power-up read-write cycle and the data output will contain 


followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 
. ViH(min) and Vit(max) are reference levels for 


duration of the cycle. If tcwo>tcwo(min), tawo> 
tRwo(min) and tawD >tawp(min), then the cycle is a 


ea 


ELECTRONICS 


the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


measuring timing of input signals. Transition times 9. Either tRcH or tRRH must be satisfied for a read 
are measured between ViH(min) and Vit(max) are cycle. -25 
assumed to be 5ns for all inputs. 10. These parameters are referenced to the CAS 

. Measured with a load equivalent to 2 TTL loads leading edge in early write cycles and to the W 
and 100pF leading edge in read-write cycles. 

. Operation within the trcp(max) limit insures that 11. Operation within the tRap(max) limit insures that 
trac(max) can be met. trcp(max) is specified as a trac(max) can be met. tRaD(max) is specified as a 
reference point only. If trcb is greater than the reference point only. If trap is greater than the 
specified tacp(max) limit, then access time is specified tRAD(max) limit, then access time is 
controlled exclusively by tcac. controlled by taa. 

. Assumes that tcp >trcb (max). 12. These specifications are applied in the test mode. 

. tAR, tWCR, tDHR are referenced to tRAD(max). 13. In test mode read cycle, the value of trac, taa, tcAc 

. This parameter defines the time at which the is delayed by 2ns to 5ns for the specified value. 
output achieves the open circuit condition and is These parameters should be specified in test mode 
not referenced to VoH or VoL. cycles by adding the above value to the specified 

. twcs, tRwD, tcwo and tawp are non restrictive value in this data sheet. 
operating parameters. They are included in the 14. toFF(max) and toEz(max) define the time at which 
data sheet as electric characteristics only. If twcs> the output achieves the open circuit condition and 
twcs(min) the cycle is an early write cycle and the are not referenced to output voltage level. 
data output will remain high impedance for the 15. 4096 cycle of burst refresh must be executed 


within 16ms before and after self refresh, in order 
to meet refresh specification. 
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TIMING DIAGRAMS 
READ CYCLE 
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TIMING DIAGRAMS (continued) 
READ-WRITE/READ-MODIFY-WRITE CYCLE 





tawe 





tras | 
Vin — 
‘i tasH ———=| 
Vi — 


tore ; 
Pree Vin — C6: : : tcas ae 
vi -— 
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an 
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ae ie nee we 
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FAST PAGE MODE READ CYCLE 
|}-— tras 
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TIMING DIAGRAMS (Continued) 


FAST PAGE MODE ss il CYCLE (EARLY WRITE) 





Vin — 
Viv ead 
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FAST PAGE MODE READ-WRITE CYCLE 
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Vi 
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TIMING DIAGRAMS continued) 
RAS-ONLY REFRESH CYCLE 


Note: W, = Don’t care 








RAS 
CAS 


» WN CES i WAAAY AAA AKAD 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Vin, A=Don’t Care 











—_ 





‘tRO— 








RAS 








CAS 


D,Q 





CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, A=Don't Care 





Xx DON’T CARE 
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TIMING DIAGRAMS (continuea) 
HIDDEN REFRESH CYCLE (READ) 


=! 


trc 
: trp 
Viqo— tis 
Vic — ‘ 
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Vii \ 4 


tras 


tac 
tap 
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toax 
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HIDDEN REFRESH CYCLE (WRITE) 
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TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


Vi“ — tras 
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tept tasH 
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re 
= ae 

XXX» COLUMN / XXXKX KKK VY XX XX XX 
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vy OW wee eo af YX 
. 2a re 

wn OY Oo ARK RXR 
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TIMING DIAGRAMS (continued) 


TEST MODE IN CYCLE 
Note:.D, Address: Don't Care 














= Vin — AAPIVVVVVV/V' VY 
SRY 


TEST MODE DESCRIPTION 


The KM41C16000A/AL/ALL/ASL is the RAM organized 
16,777,216 words by 1 bit, it is internally organized 1, 
048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in parallel and retrieved the same 
way. Column address bit Ao, A1, A1o and A11 are not 
used. If, upon reading, 16 bits are equal (all "1"s or "O"s) 
the Q pin indicates a "1".° 

If they were not equal, the Q pin would indicate a "0". In 

















ALVAVALA LL 


AX 


















LSI 


OPEN 


Ga DON'T CARE 


"Test Mode", the 16M DRAM can be tested as if it were 
a 1Mx1 DRAM. W, CAS-BEFORE-RAS Cycle (Test 
Mode in Cycle) puts the device into "Test Mode". And 
"CAS-BEFORE-RAS REFRESH. CYCLE" or “RAS-only | 
Refresh Cycle" puts it back into "Normal Mode". The 
"Test Mode" function reduces test time (1/16 in cases of 
N test pattern). 
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PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) Units: Inches (millimeters) 


0.027 (0.69) 
MIN 








| 
i 
| 
75) | 


295 (7.49) 


0. 

0.305 (7. 
oo ; 
= oer 


0.260 (6.60) 
0.275 (6.98) 
0.330 (8.38) 





0.012 (0.30) 


















0.128 (3.25) 
0.145 (3.68) 








0.670 (17.02) 
0.680 (17.27) 











0.026(0.66) 
0.032(0.81) 





1 


i 
0.050(1.27) 0.015(0.38) 
TYP | 0.021(0.53) 
|__0.050(1.27) 
MAX 











24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(I!) (SOOMIL, Forward and Reverse Type) 


0.03 (0.80) 















0.671 (47.04) 





0.679 (17.24) 


| | 0.048 (1.22) 0.012 (0.30) | 
0.052 (1.32) 0.020 (0.50) | 0.037 (0.95) 


TYP 





i] 
0.039 (1.0) 
0.047 (1.20 


0.005 (0.13) 
0.008 (0.20) 





) i 0.302 (7.67) | 
———" 
0.324(8.22) 
0.359 (9.12) 
: 0.367 (9.32) 


iF 








C)| 0.003 (0.08) 











0.016 (0.40) i ! 
0.024 (0.60) 
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PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters) 


_ 0.025(0.64) 
MIN 







0.360(9.10) 
0.380(9.65) 
0.430(10.90) 
0.445(11.30) 





0.400(10.16) 
0.008(0.20) 


| 
— 


















0.144(3.66) | 
MAX 


©) 0.004(0.1) 








0.050(1.27) 
MAX 
24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE . 
(400MIL, Forward and Reverse Type) 
, 0.03 (0.80) 
















0.398 (10.11) 
0.402 (10.21) 
0.459 (11.66) 
0.467 (11.86) 


0.039 (1.0) 
0.047 (1.20) 


0.005 (0.13) 
0.008 (0.20) 





ID] 0.003 (0.08) | aoe aa fue gatagagugags | 
= 0.048 (1.22) 0.012 (0.30) | 
| 0.052 (1.32) 0.020 (050) | 0.037 (0.95) 
0.016 (0.40) | 
0.024 (060) 


TYP 
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CMOS DRAM 





16M x1 Bit CMOS Dynamic RAM with Static Column Mode 


FEATURES 


- Performance range: 


KM41C16002A/AL/ALL/ASL-5 | 50ns | 13ns | 90ns 
KM41C16002A/AL/ALL/ASL-6 | 60ns | 15ns | 110ns | 
KM41C16002A/AL/ALL/ASL-7 
KM41C16002A/AL/ALL/ASL-8 


¢ Static Column Mode operation 

* Self Refresh Operation (LL-ver, only) 

- CS-before-RAS refresh capability 

« RAS-only and Hidden Refresh capability 

¢ Fast parallel test mode Capability 

¢ TTL compatible inputs and outputs 

« Early write or output enable controlled write 

¢ Single+5.0V+ 10% power supply 

* 4096 cycles/64ms refresh (Normal) | 

* 4096 cycles/128ms refresh (Low power & Self Ref.) 
¢ 4096 cycles/256ms refresh (Super Low power) 
¢ JEDEC standard pinout 
Available in plastic SOJ and TSOP(II) 





FUNCTIONAL BLOCK DIAGRAM 










Control! 
Clocks 


gq aA 2 


Refresh Timer 
aa 


Refresh Control 
== 













Ao~At1 


Vcc 
Vss 
VBB Generator 


Memory Array 
16,777,216 x 1 
Cells 


Column Decoder 


GENERAL DESCRIPTION 


The Samsung KM41C16002A/AL/ALL/ASL is a high 
speed CMOS 16,777,216 bitx1 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM41C16002A/AL/ALL/ASL features Static 
Column Mode operation which allows high speed 
random access of memory cells within the same row. 


CS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and output are fully TTL compatible. 


The KM41C16002A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 











Data in 
Buffer 











Sense Amps & lO 
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Data out 
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PIN CONFIGURATION (top views) 


* KM41C16002 AJ/ALJ/ALLJ/ASLJ +» KM41C16002 AT/ALT/ALLT/ASLT + KM41C16002 ATR/ALTR/ALLTR/ASLTR 
AK/ALK/ALLK/ASLK AS/ALS/ALLS/ASLS ASR/ALSR/ALLSR/ASLSR 


Vss 





Q 
N.C N.C 
cs WwW 
N.C RAS 
Ag An 
Ag AiG 
A7 Ao 
Ag Ai 
As A2 
Aa A3 
Vss Vcc 

J: 400MIL T : 400MIL(Forward) TR : 400MIL(Reverse) 

K : 300MIL S: 300MIL(Forwara) SR : 300MIL(Reverse) 





Pin Function 





Pin Name 





Address Inputs 














Data In 





Data out — 

Row Address Strobe 
ak Chip Select input 
Read/Write Input 
Power(+5.0V) 


Ground 


























No Connection 
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ABSOLUTE MAXIMUM RATINGS 











-1 to + 7.0 
-1to +7.0 
-55 to + 150 
1 
50 







Voltage on Any Pin Relative to Vss Vin, VouT 














Voltage on Vcc Supply Relative to Vss 





Storage Temperature 














Power Dissipation 
Short Circuit Output Current 

















* 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 





























































































Supply Voltage 
Ground 
Input High Voltage 
Input Low Voltage 
DC AND OPERATING CHARACTERISTICS (Recommended operating conditions. unless otherwise noted) 
KM41C16002A/AL/ALL/ASL-5 90 mA 
Operating Current* KM41C16002A/AL/ALL/ASL-6 80 mA 
(RAS and CS Cycling @trc=min.) KM41C16002A/AL/ALL/ASL-7 70 mA 
KM41016002A/AL/ALL/ASL-8 60 mA 
KM41C16002A 2 mA 
Standby Current KM41016002AL 1 mA 
(RAS=CS=W=Vii ) KM41C16002ALL 1 mA 
KM41C16002ASL 1 mA 
KM41016002A/AL/ALL/ASL-5 90 mA 
RAS-Only Refresh Current* KM41C16002A/AL/ALL/ASL-6 80 mA 
(CS=Vin, RAS Cycling @trc=min.) KM41C16002A/AL/ALL/ASL-7 70 mA 
KM41C16002A/AL/ALL/ASL-8 60 mA 
KM41016002A/AL/ALL/ASL-5 80 mA 
Fast Page Mode Current* KM41C16002A/AL/ALL/ASL-6 lec 70 mA 
(RAS=Vit, CS, Address Cycling @tec=min.) KM41C16002A/AL/ALL/ASL-7 60 mA 
KM41C16002A/AL/ALL/ASL-8 50 mA 
KM41C16002A 1 > mA 

































Standby Current KM41C16002AL fee HA 
(RAS=CS=W=Vcc-0.2V) KM41016002ALL BA 
KM41C16002ASL HA 
KM41C016002A/AL/ALL/ASL-5 mA 
CS-Before-RAS Refresh Current" KM41C16002A/AL/ALL/ASL-6 mA 
(RAS and CS Cycling @tac=min.) KM41C16002A/AL/ALL/ASL-7 mA 
KM41C16002A/AL/ALL/ASL-8 mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(Vin)=Vcc-0.2V 
= ma RE ae KM41C16002AL HA 
Input Low Voltage(Vit)=0.2V CS=CS-Before-RAS KM41C16002ASL AN 


Cycling or 0.2V D=Don't Care trc=31.25ps(L-Ver) 
62.54s(SL-Ver), tras =tRas_ min~300ns 


ea” | ” 
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DC AND OPERATING CHARACTERISTICS (ontinuea) 


(Recommended operating conditions unless otherwise noted) 


po Parameter | Symbol] Min | Max | Units | 


Self Refresh Current 
RAS=CS=0.2V 
WeAo-A11=Vcc-0.2V or 0.2V KM41C016002ALL Iccs 300 
Vec-0.2V, 0.2V or Open 
Input Leakage Current -10 
(Any input 0<Vin <Vcc+0.5V, all other pins not under test=0 volts.) 
Output Leakage Current 10 
(Data out is disabled, OV<VouT< Vcc) 


Output High Voltage Level (lox=-5mA) ty 


Output Low Voltage Level (lo.=4.2mA) | 



















*NOTE: Icc1, Icc3, lcc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. In Icc4, Address can be changed maximum once within one Static Column cycle. 


CAPACITANCE (ta=25°c, Vcc=5v, f=1MHz) 


Input eepeciae ae S, W) 


Renee ee 


(OC< 


Random read or write cycle time 


c_| 190 
Read-modty-wite cyl time ae aera 
mo] | 


Access time from RAS tRAC = 50 
Access time from CS 














Access time from column address 





CS to output in Low-Z 





Output buffer turn-off delay 


Transition time (rise and fall) 





RAS precharge time 
RAS pulse width 
RAS hold time 

CS hold time 


CS pulse width . 

RAS to CS delay time 

RAS to column address delay time 

C§ to RAS precharge time tcrP 
= | Co < 
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AC CHARACTERISTICS a 


Row adress set-up time “tele telefefe ae 
Row atess hold ie fom | of | of | so] of ts 
Column address set-up time | fuss | of | of fof {of [oa{ | 
Column address hold time | ton | tof | tof | asf fs] sf ns | 


Column address hold time referenced to RAS 50 


Column address to RAS lead time tRAL 


[oe] 

ao 
Ola 
ala 


oo 
a 
i 
n 
ine] 
on 
— pr |rm ja — a 
or o}oO ju on Oo 


Read command set-up time 


Read command hold time referenced to CS 


Read command hold time referenced to RAS 


a: 
2/23 /8 
2 |= {lz 


Write command hold time 


= 
a 


Write command hold time referenced to RAS 
Write command pulse width 


Write command to RAS lead time 


sjiziz 
gigs 


Write command to CS lead time 
Data set-up time 

Data hold time 

Data hold time referenced to RAS 
Refresh period (Normal) 


os 
oO 
” 


ho ined _ toa) —_ 
a Oo oOo} on oa 
= 
= 
o 





gig-is 

m |= |= 
= —~ joa |e |p fe 
[an] ola; ol;o;o 


on 
ae 
: i 
> 
for) 
ae 
pee 
n 





ot 
Pe] 
m 
mn 


Refresh period (Low power & Self Ref.) 


a 
[ase [a6 
a a a 9 


NO 
[Sal 
mo 
ine) 
ao 
A 
la 
n 


Refresh period (Super Low power) 


ot 
ale 

m 

nm 


QO 


~ |Write command set-up time twcs 


— nile tS ets 
on ain lo oO 


ine) 
Oo 
pe) 
Oo 


= 
on 


CS to W delay time tcwo 








oem 
o}o 
oo 
fom] 


ao 
oOo 
Ww 
oOo 
a 

wo 

yer w 

No 











RAS toWdelay time trwo | 50 
Column address to W delay time 40 
CS set-up time (CS-before-RAS refresh) tcsR | 10 | wf =| tof =| tof ns 
CS hold time (CS-before-RAS refresh) tCHR 15 15 = 
RAS to CS precharge ime aa ee ae ee 
| CS precharge time (C-B-R counter test cycle) torr | 20 | fal | 








Static column mode cycle time tsc | sof =| as] | 
Static column mode read-write cycle time | tsrwc| so] | eo] | 


ns 





xa 1S 
tH 
ol, 


ao ~ 
oi oi 
wn 


Access time from last write taLw 50 | ss} | | 
Output data hold time from column address tAOH ae Se ae 
Output data enable time from W tow — |_| _o} | _s)_ ns 


RAS pulse width (Static column mode) trasc | 50} 200000 | 60 | 200000 200000 | 80 | 200000 
CS pulse width (Static column mode) tesc 13 | 200000 200000; 20] 200000; 20 200000. 


CS precharge time (Static column mode) tcp Ree ee 10 


a 
a 

















Column address hold time referenced to RAS rising | taH 


5 5 
Last write to column address delay time tLWAD 25 30 35] ns 


pe] 
n 
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AC CHARACTERISTICS (Continued) 


eee 


Last write to column address hoid time er ee ee ee 
Witecommandinactvetime ee Pe 
| on | 


RAS hold time referenced to OE 
Write address hold time referenced to RAS 













Write command set-up time (Test mode in) 







Write command hold time (Test mode in) 
W to RAS precharge time (C-B-R refresh) 
W to RAS hold time (C-B-R refresh) 
RAS pulse width (C-B-R self refresh) 










RAS operas time ue B-R self i 


[Shoaine CaAsetreten) | tows | of | of | of of Tos | | 


TEST MODE CYCLE (Note. 12) 


malate leet |= 
| Min| Max | win] Max | Min] Max | win| Max | 

Random read or write cycle time ltec | 95) fas} fas] sf ass] ws | 
fsenarencasn [meal [ool [ol [ol T= — 

paces tine tom RAS jw | | {| es] | 75] | 5] os | gant | 
acces tine fom OS Pee [ff [fal os | as | 


Access time from column address aE ee 
RAS pulse width 55 | 10,000} 65] 10,000 es a a 


CS pulse width 0,000 
RAS hold time 
CS hold time 
Column address to RAS lead time 
CS to W delay time 
RAS to W delay time 


Column address to W delay time 


Static column mode cycle time 
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oOo 
SoS 
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So 
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oe] 
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i) 
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(779 
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oO 
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[om] 
3 3 


Static column mode read-write cycle time 


RAS pulse width (Static column mode) tRASC 


Access time from last write taLW 


no 
oO 
So 
S 
oO 
So 


a . 
= lala ($3) 
oO ;oO |oO oi 
ie) 
So 
=) 
So 
La] 


NO 
3s 
=) 
S 
S 
™~ 
et 
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NOTES 


1. 


ao 


An initial pause of 200«s is required after power-up 
followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


. ViH(min) and Vit(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 
assumed to be 5ns for ail inputs. 


. Measured with a load equivalent to 2 TTL loads 


and 100pF. 


. Operation within the trcp(max) limit insures that 


trRac(max) can be met. trcD(max) is specified as a 
reference point only. If tacp is greater than the 
specified trcp(max) limit, then access time is 
controlled exclusively by tcac. 


. Assumes that tacb >tRcD (max). 
. tar, twcr, tDHR are referenced to trap(max). 
. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to VoH or VoL. 


. twos, tRwD, tcwo and tawbd are non restrictive 


operating parameters. They are included in the 
data sheet as electric characteristics only. if twcs > 
twes(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcewo>tcwo(min), tRwo> 
trwpD(min) and tawo>tawp(min), then the cycle is a 


10. 


11. 


12. 
. In test mode read cycle, the value of tRAc, taa, tcAc 


14. 


15. 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data output is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read 


cycle. 

These parameters are referenced to the CS leading 
edge in early write cycles and to the W leading 
edge in read-write cycles. 

Operation within the trap(max) limit insures that 
trac(max).can be met. trRaD(max) is specified as a 
reference point only. If trap is greater than the 
specified trap(max) limit, then access time is 
controlled by tas. 

These specifications are applied in the test mode. 


is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

toFF(max) and toEez(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. 

4096 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 
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TIMING DIAGRAMS 


READ CYCLE 
tro 
trp 
we i ! 

: =—= =n 
rT roweomes GRY eras — ene 
Cer ye —F 

= tron 
w — SOY Loiesd NEU eo — tne ns 
trac 
OL ES o 
WRITE CYCLE (EARLY WRITE) 
tac 


RAS 


S| 


trp 


- “tras 


iH Ul 
Vi — 
tawr i 
tesH 
tasr i) tran ee 


vc — SRO row sooness FRSA coun anoness KAOLIN 


tcrp 






Vin 
Vi — 





XX Y, ae twou XX ) %) 9, TV VATA AY, 
Ty ON i tw FOLEY 
tawe 


Vin x) 


0 Rao para BRO OO 


= tour 
OH OPEN 
Vo. 


KX DON’T CARE 
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KM41C16002A/AL/ALL/ASL CMOS DRAM 
TIMING DIAGRAMS (Continued) 
READ-WRITE/READ-MODIFY-WRITE CYCLE 


trwe 


Vin ‘ tras 


RAS 
Vi 


trwe 


tasr tran toan 


ie 
Vine — YY YYYR YY YY YY YYYYYYYXry ry 
* \E_QOpAL row aooress HOOK. cote roars RO QOO OOOO 


taco 
torp trap Zz trac 

tore 

—_— View oo ‘ t 

ot, je 

Vv, ‘ment 

- tres i 
| 


ve ROO | 
Vn — YYYYYYYYYYVYyYyyyvyyyryry YYYYYYVYYYYVYVYWVWYV_V VY VYVYVWV Y¥ 
trac A torr 
teiz . 


STATIC COLUMN MODE READ CYCLE 






=| 





-trasc tap 


Vin — 


trap 


= Vin — 
CS Vi 


FAC 


tse 


RAS ae | 
t 
. MH 
720 Oxy [COLUMN ADoRESS Mf coLuMn aooress DON 
A ROW ADD \ COLUMN ADDRESS 
ve — YY aporess [Xl ( coum ADDRESS KX 


i 









Ls 


tore 
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See (ED . 
—_ Vin — KY XX KK YY YX XZ weee'e. 
WRK KY) is 000 
taa torr 
: trac — lie 
Vou — Ls \ + 
. Ves — h © CD : eed KO» {_vauo vara J 


teiz 
RY DON'T CARE 
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TIMING DIAGRAMS continueg) 
STATIC COLUMN MODE WRITE CYCLE (W CONTROLLED EARLY WRITE) 


tre 


Vao— t 
aK i RASC 
Vit 
tasr toan trac: 
Vn — \7 ROW xx) COLUMN Gee V\) Y/YYYVYY YY YY Y 
a Ym aponess HXXM aDoaess QC aDontes MOK aDoress RE KKK KK OK 
pa a ie 
: trap earl tesc tcp torp 
rr Vin J YXXK XH EX XXX 
ct A XXXX AXKXXXRL 
——tso——- 
i mi twes t 
wi 
= Vin twe 
WwW 
Vii — ‘ 
tour = 
tos a twon 


tou 


“— SY YY YAMAAY Y \/\) VN VY YAS YAA/SYYVA/ 
DE RM bate DK Dare XD XX KX 


Q = Tiemann (PEN 
ol 


STATIC COLUMN MODE WRITE CYCLE (CS CONTROLLED EARLY WRITE) 


trp 
: trasc 
Vin 


Vir 


RAS 


RLY 


pp W 


Vin 
Vim 


. ee |. ow tra 
Vn— Y¥XYXXXXY ROW YY CO! x COL X COL YYV XX XX 
SRE TEE O EOE RE 
— balay sg a 
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Wa OOOKAL I [rer AKRON) 
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Vin — YY YY Y VYYY YYY ¥ i, Y VY YYYV YY VYVY ¥ 
0 ve XR OCOOOOIOM, one ROK Data ROM DaTA PONE 
Q . ell a 
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TIMING DIAGRAMS (Continued) 
STATIC COLUMN MODE READ-WRITE CYCLE 


Vin — 
Vi 


RAS 






tasr 


és a = ean 
CES EE GEE 
a Vin — iz 


Vi t — | 
tawo 
Vin — ww«,-,,, —— 
mT ie 


=| 


/ 


Vin — PVYYYVYYYYPhYAYPY IVY VY IIVYUYY VV Y, VaVaVAay, 
D OOOO, BAR POXKXKY RK 
WOH t , 


Liv LYAANLN 


LN 
AA 


torr 


trac 


fa tow 
Vou — rX\ VY YYY Yi 
Oa. ee OC om TDL vam ORY 


terz taw 





STATIC COLUMN MODE MIXED CYCLE 


RAS Vin taco taniw 
Vi 


trasc trp 












BY 


tasr 


tray 


al 2 
AM TRA ROW K DE covumn KAR con. KN COL DOK 


Gs ae 


0 VE KOC Bata PROX XKKXKA DATA PAXK KX 


Li hires 
twou 

Vox a VALID XXX : VALID x 

: Se Si 


Vin — 
Vi — 


=| 


iA \ x ¥ 


Vor — 


rare BEAD READ-MODIFY-WRITE 


RY DONT'T CARE 
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TIMING DIAGRAMS 6 continued) 


RAS-ONLY REFRESH CYCLE 
NOTE: W, D=Don't Care 


tac 
tap 
RAS Vi tras 
Vii : 

_ tor ; trec = tore 
eas Vin — YIVWVVVVVYVVV VAG IVY 
Be RY XK YY 

tasr. tran 
Vu YYXXXXXKXYXYXXYXY UIVIVVYVVVYYYVYYY YY 
A ORT Row ADorESS HN A KKK KD 
Q “a | OPEN 
CS-BEFORE-RAS REFRESH CYCLE 
NOTE: Address=Don’t Care 
tac 
tre 
ees Vi — tras 
RAS Vos 
trec 
top st tour treo 
ae Viw — AA VASA /VVV/ 
>= a LEN 
twry 
oe HOOT VVUY/V/YVVVV VY YY YVYVYVYV YY Y¥ YYVWVYYYYVWVYVVY ¥ YYVYYVYVV VV ¥ ¥ : 
WE OY XK KNX RAXKRANR 
torr 
Q | - 2 A OPEN 


CMOS DRAM 


Ko DON'T CARE 
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TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 


RAS 


=| 


Q 


RAS 


=| 


: trp 
Vin tras tras 
Vi 
tore tasn 
as taco = 
Vi ) 


tre 








tasr a 


tonr 
Sf te 
“ RERWo wahR = A a 


Vin TH ete als ri 
We KRY ey 


RAK RKN 






trac 
ee KON VALID DATA ‘ 


: tcLz 
HIDDEN REFRESH CYCLE (WRITE) 


tras tap tras 
Vi — " A 
torp = Sar oo 
Be trac 
| tcan | 


=a 
XK, adores DXXK Sonate RL GON COO NX ROKNY 






twrH 


TVVUIUIVVUYVVYV VV 


i Sis | ea ee 
un ~YYVVVVVVVV YY G 
AA 4060001404000 r40s0dr4 7606 


Nk HR 


toHR 
KX DON’T CARE 
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TIMING DIAGRAMS 6 continued) . 
CS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


tap 


tras pees 
Vin— trsH 
RAS Vii — . | ( 
tcsr 
= |= 
Viq— eee | Seen OX XXX KKK KK KK KKK XK) 
A RRS ADDRESS KY 















READ CYCLE 


Vou 


Q VALID DATA N 


Ii 


Vo.— ' 
WRP 





= nH--« XK YX YY VW CYVYVVY Wave 
WT RORY KY RR 





tron 


WRITE CYCLE 





Vow 
' eZ 
: iE 
= Vu— YYVVY YYVYVVY AIT 
Wn RY SUN RR KKK 


mi 
VY YVY YY Y P/V SS YY Pi VV/VJ/S YS SS VS/SY VY VV ¥ 
p We OR var pata — KYO 








READ-WRITE CYCLE 


Q Vou— 
Vor 





twre 






ve XY XM 


Vii 


. 3 


A/JAAA\AA/SYY Y 
KKK 


tewo twe twou — 


De OOK KAKO KKK fp KKK 
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TIMING DIAGRAMS (continued) 


TEST MODE IN CYCLE 
Note: D, Address: Don’t Care 










ie Vin 
RAS 
Viv ions 
trrc 
tcp 
= tesr |. 
aS Vin 
Vii — 
= Vin = POT 
WwW 
1 RRR 
torr 
m Von — 
Vo. — , 


TEST MODE DESCRIPTION 


The KM41C16002 is the RAM organized 16,777,216 
words by 1 bit, it is internally organized 1,048,576 words 
by 16 bits. In “Test mode,” data are written into 16 sec- 


tors in parallel and retrieved the same way. Column ad- 
dress bit Ao, A1, Ato and Ay, are not used. If, upon rea- 
ding, 16 bits are equal (all “1” or “O”s) the Q pin indi- 


cates a “1.” 


mm Ee 


CMOS DRA 





tre 
tras 








LNA 


twrH 


YY Y YYW 
KKK 


OPEN 


, KY DON'T CARE 


If they were not equal, the Q pin would indicate a 0.” 
In “Test Mode,” the 16M DRAM can be tested as if it 
were a 1Mx 1 DRAM. W, CS-BEFORE-RAS Cycle (Test 
Mode in Cycle) puts the device into “Test Mode.” And 
“GS-BEFORE-RAS REFRESH CYCLE” or “RAS-only 
Refresh Cycle” puts it back into “Normal Mode.” The 
“Test Mode” function reduces test time (1/16 in cases 
of N test pattern). 
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PACKAGE DIMENSIONS | 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD Cots tne alimels >) 


ae 0.025(0.64) 
MIN 














0.430(10.90) 
0.445(11.30) 


0.380(9.65) 





0.360(9.10) 


© 
ae 
° 
= 
ro) 
rs) 
= 
ro) 





: 0.008(0.20) 











el 








0.725(18.42) Z| 0.144(3.66) 
MAX 


T 5 
Blecmen) YAR 
0.050(1.27)| 1 : 0.015(0.38) | 0.026(0.66) 


TYP | 0.021(0.53) 0.032(0.81) 

















0.050(1.27) 
MAX 








24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(Forward and Reverse Type) 


0.03 (0.80) 

















0.402 (10.21) 
0.459 (11.66) 





0.047 (1.20) 


0.005 (0.13) 
0.008 (0.20) 





0.723 (18.36) 
ee 
0.727 (18.46). 


u i AAA 
i - 0.048 (1.22) 0.012 (0.30) | i 
0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 


TYP 

















0.016 (0.40) | | 
0.024 (0.60) 
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4M x4 Bit CMOS Dynamic RAM with Fast Page Mode 
FEATURES 


¢ Performance range: 








KM44C4000A/AL/ALL/ASL-5 | 50ns 
KM44C4000A/AL/ALL/ASL-6 | 60ns | 15ns 
KM44C4000A/AL/ALL/ASL-7 | ons. | 
KM44C4000A/AL/ALL/ASL-8 | 80ns | 





110ns 





20ns 
20ns 




















« Fast Page Mode operation 

« CAS-before-RAS refresh capability 

« RAS-only and Hidden Refresh capability 

¢ Fast parallel test mode Capability 

¢ TTL compatible inputs and outputs 

- Early write or output enable controlled write 

¢ Single+5.0V = 10% power supply 

« 4096 cycles/64ms refresh (Normal) 

« 4096 cycles/128ms refresh (Low power & Self Ref.) 
« 4096 cycles/256ms refresh (Super Low power) 
e JEDEC standard pinout 

¢ Available in plastic SOJ and TSOP(II) 


FUNCTIONAL BLOCK DIAGRAM 







Control 
Clocks 


GENERAL DESCRIPTION 


The Samsung KM44C4000A/AL/ALL/ASL is a high 
speed CMOS 4,194,304 bitx4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM44C4000A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM44C4000A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. : 











Refresh Timer 


Refresh Control! 










AO~A11 [ | Row Address Buffer 
AOQ~AQ Col. Address Buffer 


Column Decoder 














Data in 
Buffer 












Q 
6 DQI 
Memory Array Q to 
Refresh Counter 4,194,304 x4 & DQ4 
Cells B 
® 
” 











Data out 
Buffer 
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PIN CONFIGURATION (top views) 


q 


* KM44C4000 AJ/ALJ/ALLJ/ASLJ =» KM44C4000 AT/ALT/ALLT/ASLT =» KM44C4000 ATR/ALTR/ALLTR/ASLTR 
AK/ALK/ALLK/ASLK AS/ALS/ALLS/ASLS ASR/ALSR/ALLSR/ASLSR 


Vss 
DQ, 
DQ3 
CAS 





J: 400MIL T : 400MIL(Forward) TR : 400MIL(Reverse) 
K: 300MIL S : 300MIL(Forward) . SR: 300MIL(Reverse) 






Pin Function 





Pin Name 
Ao-Ai1 


DQ1~4 Data In/Out 
Vss ' Ground 


Row Address Strobe 
L 








Address Inputs 














IE: 


Column Address Strobe 
Read/Write Input 


(@) 
> 
n 




















Ww 

ee as a 

OE Data Output Enable 
Vcc Power(+5.0V) 
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ABSOLUTE MAXIMUM RATINGS 





Parameter 









Voltage on Any Pin Relative to Vss Vin, VouT -1to +7.0 















Voltage on Vcc Supply Relative to Vss Vcc -1to + 7.0 











Storage Temperature -55 to + 150 





Tstg 












Power Dissipation Pp 1 

















Short Circuit Output Current los 50 


* 








' Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 


should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 


absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0'to 70°C) 


Parameter Symbol Min Typ Max 


Unit 


Vv 





Supply Voltage Vcc 4.5 5.0 5.5 
0 0. 








Ground Vss 








Input High Voltage VIH 2.4 —~ Vec +1 























-1.0 0.8 





Input Low Voltage 











DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 
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Parameter Symbol; Min | Max | Units 
KM44C4000A/AL/ALL/ASL-5 
Operating Current* KM44C4000A/AL/ALL/ASL-6 eal 80 mA 
(RAS and CAS Cycling @trc=min.) KM44C4000A/AL/ALL/ASL-7 70 mA 
KM44C4000A/AL/ALL/ASL-8 60 mA 
KM44C4000A i 2 | mA 
Standby Current KM44C4000AL 5c : 1 mA 
(RAS=CAS=W=Vu ) KM44C4000ALL 1 mA 
KM44C4000ASL 1 mA 
KM44C4000A/AL/ALL/ASL-5 90 mA 
RAS-Only Refresh Current* KM44C4000A/AL/ALL/ASL-6 ees 80 mA 
(CAS=Vin, RAS Cycling @tac=min.) KM44C4000A/AL/ALL/ASL-7 70 mA 
KM44C-4000A/AL/ALL/ASL-8 60 mA 
KM44C4000A/AL/ALL/ASL-5 80 mA 
Fast Page Mode Current* KM44C4000A/AL/ALL/ASL-6 ia 70 mA 
(RAS=Vit, CAS, Address Cycling @tpc=min.) KM44C4000A/AL/ALL/ASL-7 60 mA 
KM44C4000A/AL/ALL/ASL-8 50 mA 
+ — 
KM44C4000A 1 mA 
Standby Current KM44C4000AL aes 300 HA 
(RAS=CAS=W=Vcc-0.2V) KM44C4000ALL 200 LA 
KM44C4000ASL | 200 HA = 
KM44C4000A/AL/ALL/ASL-5 90 mA 
CAS-Before-RAS Refresh Current* KM44C4000A/AL/ALL/ASL-6 ae 80 mA 
(RAS and CAS Cycling @trc=min.) KM44C4000A/AL/ALL/ASL-7 70 mA 
KM44C4000A/AL/ALL/ASL-8 60 | mA | 
Battery Back Up Current Average Power Supply Current, : 
Battery Back Up Mode, Input High Voltage(Vi)=Vcc-0.2V 
Input Low Voltage(Vi)=0.2V CAS=CAS-Before-RAS cane: icc7 ps % : 
Cycling or 0.2V Din=Don't Care Trac=31.25uS(L-Ver) i. 
62.54S(SL-Ver), TRas < min~300ns 
593 
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DC AND OPERATING CHARACTERISTICS (ontinueg) 


(Recommended operating conditions unless otherwise noted) 


armen YS in [| ri 


Self Refresh Current 
RAS=CAS=0.2V 
W-OE=Ao-A11=Vcc-0.2V or 0.2V eee ii a 
DQ1-DQ4=Vcc-0.2V, 0.2V or Open 
Input Leakage Current : ; . 
(Any input O<ViN <Vcc+0.5V, all other pins not under test=0 volts.) My ue ue ae 
Output Leakage Current ow) -10 
(Data out is disabled, OV<VouT< Vcc) . 
Output High Voltage Level (loH=-5mA) sae 
Output Low Voltage Level (loL=4.2mA) | vo | - | o4 |] v | 


*NOTE: Icc1, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=ViL. In Icc4, Address can be changed maximum once within one fast page cycle. 


















CAPACITANCE (1a=25'c, vec=5v, f=1MHz) 











Parameter 


Random read or write cycle time 








Read-modify-write cycle time 


Access time from RAS 60 | |} | eo] ns | 341 | 


Access time from CAS 




















Access time from column address 
CAS to output in Low-Z 














Output buffer turn-off delay 











Transition time (rise and fall) 















RAS precharge time 

RAS pulse width 

RAS hold time 

‘|CAS hold time 

CAS pulse width 

RAS to CAS delay time 

RAS to column address delay time 
GAS to RAS precharge time 


Row address set-up time 
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AC CHARACTERISTICS (Continued) 






























































































































































-5 -6 e -8 
Parameter Symbol - Units 
Min| Max | Mini Max | Min| Max | Min ax 
Row address hold time {RAH 10 10 Mle 10 10 1 ns 
Column address set-up time tasc 0 0 0 0 ns 
Column address hold time tcaH_ | 10 10 15 15 ns 
as as ad aay a Ti 

Column address hold time referenced to RAS taR a 40 45 55 60 ns 6 
Column address to RAS lead time | traL | 25 30 35 40 ns 
Read command set-up time tRCS 0 0 0 0 ns 
Read command hold time referenced to CAS tRCH 0 0 0 | ns 9 
Read command hold time referenced to RAS tRRH 0 0 0 0 ns 
Write command hold time {WCH 10 10 15 i 15 ns 
Write command hold time referenced to RAS twer | 40 45 55 60 | ns 6 i 
Write command pulse width |_ twp 10 10 | 15 15 ns 
Write command to RAS lead time taw. | 15 15 20 20 ns 
Write command to CAS lead time teow | 13 15 20 | | 20 ns 
Data set-up time tds 0 0 0 0 ns 10 
Data hold time ltr | tol | 10 15 15 ns | 10 
Data hold time referenced to RAS toHR | 40 —_— 45 55 60 | dt ns | 8 | 
Refresh period (Normal) tREF | ef =] sa | 64 64] ms 
Refresh period (Low power & Self Ref) rer | | 1281 128 128 128| ms 
Refresh period (Super Low power) tREF 256 256 256 256 | ms 
Write command set-up time ions 0 0 0 0 ns 8 

+= 4+ 
CAS to W delay time town | 36 40 50 50 ns 8 
RAS to W delay time two | 73 85 ie 100 110 | ns 8 
Column address to W delay time | two | 48 55 65 a ae 0 ns 8 
CAS set-up time (CAS-before-RAS refresh) tesR | 10 10 10 10 ue { ns | 
CAS hold time (CAS-before-RAS refresh) _{ tenn | 10 “10 _ 15 15 ns 
RAS to CAS precharge time tRPC 5 5 5 | | 5 ns am 
ie =e = 7 
CAS precharge time (C-B-R counter test cycle) tcPT 20 20 30 pn 30 seal 
Access time from CAS precharge tCPA 30 a 35 40 45 | ns 3 
Fast Page mode cycle time tPC 35 40 ii 45 50 ns 
Fast Page mode read-modify-write cycle time - tpawc} 76 85 100 | 105 ns 
CAS precharge time (Fast Page mode) tcp 10 10 aa 10 10 | ns | 
RAS pulse width(Fast Page mode) trasp | 50} 200000} 60} 200000} 70 | 200000 [ 80 | 200000 | ns | 
RAS hold time from CAS precharge truce} 30 35 40 45 ns ma 
OE access time , + tOEA = 13 15 | 20| 20 = 

eee 

OE to data delay tocep | 13 Bis | 20 20 a ns 
Output buffer turn off delay time from OE toEz 0 13} 0 - 16 0 20| 0} 20) -ns 
OE command hold time toeH | 13 15 20 20 ns 
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KM44C4000A/AL/ALL/ASL CMOS DRAM 
AC CHARACTERISTICS (ontinueg) 
-§ -6 -7 -8 : 
Parameter Symbol 7 : Units | Notes 
Min} Max | Min; Max | Min| Max | Min| Max = 
Write command set-up time (Test mode in) twTs | 10 10 1 ize oie 10 ns 
Write command hold time (Test mode in) leant | 10 10 10 | {| 10] |_ns 
W to RAS precharge time (C-B-R refresh) twee | 10 10 10 | 10 | ns ai 
Wto RAS hold time (C-B-R refresh) twRH | 10 10 10 = 10 i ns 
RAS pulse width (C-B-R self refresh) tRASS er 100 100 al 100, ws | 15 
RAS precharge time (C-B-R self refresh) tRPS 90 110] | 130 | 150 {_ns 15 | 
GAS hold time (C-BAR self refresh) tus | -50 50 50 | -50 | ns | 15 
TEST MODE CYCLE (Note.12) 
-5 -6 -7 -8 
Parameter Symbol ——— Units | Notes 
Min| Max | Min| Max | Min| Max | Min| Max 
Random read or write cycle time tRC 95 115 135 155 ns 
| Read-modify-write cycle time tawe_| 138 1 190 210 ‘ns 
Access time from RAS~ tRAC ° 55 a 65 | 75 ka 85 ns | 3,41 ‘a 
Access time from CAS tcac | 18] 20 25 25) ns | 3,4,5 
Access time from column address lt | | 20] 35 40 45) ns 3,11 
RAS pulse width tras | 55 65 | 10,000] 75| 10,000] 85) 10,000| ns 
CAS pulse width toas 10,000] 20| 10,000] 25| 10,000| 25 | 10,000] ns 
RAS hold time trsH | 18 20 25 25 ns 
| CAS hold time tcsH | 55 65 75 85 |_ns | | 
Column address to RAS lead time tral | 30 35 40 45 ns 
CAS to W delay time tcwD ai 44 45 | 55 55 ns 8 
RAS to W delay time | trwo 78 90 | 105 [115 ns 8 
Column address to W delay time tawD 53 60 70 | 75 r ns | * 8 
Fast Page mode cycle time tPc 40 45 | 50 55 ns 
| Fast Page mode read-modify-write cycle time 1 tprwc| 81 90 105 if Ly 110 ns | 
RAS pulse width (Fast Page Mode) trasP | 55 | 200,000) 65 | 200,000] 75 200,000 | 85 | 200,000 ns | 
= time from CAS precharge tCPA 35 40 | 45 50} ns 3 
OE access time |_ toca 18 | 20| 25 25; ns | | 
OE to data delay toeo | 18 20 i 25 ns 
OE command hold time tory | 18 20 25 25 ns 
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NOTES 


1. 


An initial pause of 200s is required after power-up 
followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


. Vik(min) and Vii(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and vey are 
assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TT loads 


and 100pF 


. Operation within the trcp(max) limit insures that 


trRac(max) can be met. trcp(max) is specified as a 
reference point only. If trcb is greater than the 
specified tRcp(max) limit, then access time is 
controlled exclusively by tcac. 


. Assumes that tRcD >trcp (max). 
. tar, twcr, tOHR are referenced to trap(max). 
. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to VoH or VoL. 

twcs, tRWD, tcwpd and tawp are non restrictive 
operating parameters. They are included in the 


’ data sheet as electric characteristics only. If twcs> 


twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwD>tcwop(min), trwo> 
tRwo(min) and tawp >tawp(min), then the cycle is a 


10. 


11. 


12. 
13. 


14. 


15. 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRcH or tRRH must be satisfied for a read 


cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the tRap(max) limit insures that 
tRac(max) can be met. tRAD(max) is specified as a 
reference point only. If tRaD is greater than the 
specified tRap(max) limit, then access time is 
controlled by taa. 

These specifications are applied in the test mode. 
In test mode read cycle, the value of tRac, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

toFF(max) and toez(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. 

4096 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 
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TIMING DIAGRAMS 
READ CYCLE 


tre 


trp 


= is hy 


Pe 
> 
a 


ian 7 
CRM ie KB ORD 
W ee ~ YY KERR ~ RQ 






= BESET 


. ink 
toez : 
Voi | _ 
Vor — 


toLz 


Ro DON'T CARE 


ELECTRONICS 


KM44C4000A/AL/ALL/ASL CMOS DRAM 





TIMING DIAGRAMS £(continued) 
WRITE CYCLE (EARLY CYCLE) 





tras 
Vin oe 
RAS. . tar 
Vii 


7 .\———> 
= Sey CNV 

Wm — KD aoc KORO LRKKKKKKN 
AT DK notes DEK SORES PEI 


A LANA LNA AAALA LS 
= eal 
——e 











Y 


LRA 





S| 


twer 








ro tawe : 
OE Viq V/ VY Wi YY 
Me RRR RRR 


tox 


Vv = = 
- DQ,-DQa, *" (| VALID DATA-IN 
Vii = 


tour 





WRITE CYCLE (OE CONTROLLED WRITE) 


—= tre 


tras 





tre 





tar 


tore : 3 
=p 
a Vin -— ~YVY VV é ff 
. es OO real | 
tasc = 
trax 


a 
> 
n 





QO 
n 





tasr 


Vin — WWVV U YY YY VY YY VV YY YY YY YYVY YY Y 
ve — XXXIK, aoBRs PRIM SRS _ DOAN RX KD 


> 


trac ee 
Vw ~ YYYYVVYVYY YY VYVYY YY YY YY VV VY twe el eee 
We XXX KOON KR K KKK 
Fe — ROKK ce ot RAK 
rr ORL vet oar DR SKK 


KY DON'T CARE 
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TIMING DIAGRAMS (continued) 
READ-MODIFY-WRITE CYCLE 


RAS 


DQ,-DQ, 


trwo 


t 
tras | i 








Vi 


Vi ; 
t tar 
trep ae trsH 23) 
Vin — XV7 tcas 
ela 
ae 
ae 
ey == 


ve DO Bom PRS cots BSS RAR 














OOOO 

















tawo sed) Eta, 
§ = tcwo — a tewr 
my YVVYV VY 
= = NRE 
Vie — DITTO, HOES 
Me — RSE | 7 a 
trac toez tox 


Vou — Oy VALID MM vat 
ie “LG ONE 


CLZ 


FAST PAGE MODE READ CYCLE 


CAS 


S| 


















tcas tcas - tcas JV 
aa 
toan 
i ae ell oe | | tt 


= 
Vin — XS (X) VY WY AVANT 
vc — DO BS_DRL RSBREES ROYAL SSonts DORI S88 PROG 
trap : f trou 
trcs ie Hl ‘ 


tacH t 
cin RRH 














1 KY V NK 





EA 


Vi — VAAALZS Ls 


= 
tcac toez 
trac 
Mas A oatacour PTS 

te 


teiz 












OYA _ VALID \ 
PAL DATA-OUT 


towz 


RO DON’T CARE 
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TIMING DIAGRAMS (continue) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 





RAS 7 tar 
oo AC “ . “id 

tasr aah =e 
a OT 08) a= F ou Site i kee ae XR 
We SN So es es 
co coer so ea KS —_— XY 
pore TT SISSON ot DESK okis DOKL ol DORK 


tour 


FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
trasp 
Vim — tar : . 
3 i 
TE, CSH cP 
Kr = tcas V / 


= 
a an poe Ete 
QI BRS DEK RRKKY 


3) 


ne Cis Xi KX ek OY 
OOOO oF t Gla i 
we RC oe | 

icles 


vy 


fe) 
77 
< 
| a 
| 
< 





> 








W OXY | 

. Xx” 

t 
fie 7c me 
—_ Vin — i 
OE is 
VuoH— ON XXX 

DQ,-DQ 

: : Viiot p on RES XX 





VALID 
DATACOUT DATA-IN . DADROUT DATA IN 


RY DON’T CARE 
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TIMING DIAGRAMS continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don’t care 





RAS 





tcrp trec 


Vin— 


CAS 
Vit—- 








tasr| | traH 


Vin— 


A wie OI pow 200 I RUITUTRRIRURTRHRnRNNARNANAY 


CAS-BEFORE-RAS REFRESH CYCLE — 
NOTE: W=Viy, OE, A=Don't Care 








tre— 
trp trp 

ae ViH— 
RAS + -. = tRag————---—____. 

Vit— tape tRPC 

i tcHA 

Viq— ; 
CAS 

Vit— 

torr 
ViVioH — 

DQ,-DQ, OPEN 


Vuot — 


CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 






Ras 
Vit — 
Vin — 
CAS 
Vit 
ba1-paa. OM 
Vo. — 
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TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 


=| 


DQ,-DQ, 


INO 


tac 
tre 
tras tras pas 


— tac 
tre 

. tar 
no tcrp E 
ie | tour 
Vi = \ ; 

“ toaH 
oes 

AO acts KX couumn KX) 


OXY 








Vie ADDRESS wy, 





trap 


tacs 


4 
\ 









tcac torr 


trac 
NOY ; VALID DATA-OUT ') 
Ve — 8 
OL touz 


HIDDEN REFRESH CYCLE (WRITE) 
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TIMING DIAGRAMS (Continued) 














CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE tap 
RAS vin = tras 
Vil — . 
ots Vin — cs tour tcas ‘ 
ee eae Sl \ fy 
| i es 
tase 
a py x 


SRB 


va — AKAN 


LADAL 


YYYY |-— Y VYVYY VY YY VY V 
SE ae KOEI 


1W 
XX c 


READ CYCLE ‘wap 


|| aaa 
| au BE 
FP RY mmmemn| A RY 
ERR RRR ERE 
hk 
© VoH— . Yd 
ie 


tacH 






WRITE CYCLE 














twrp twax Rew 
Vin — 7TYVY f/YYWYJY#Y¥@#V@I@VW@#P VY VVYVVYVVYYV VV 
RTA RE 


Vin KAKA AAKAX YY YS VY YY i eae V\A\/\7 4 \/\/\/ 
ie I II ONY 








Vi — D&S DADA 
P| 

REO MODI RITE 7 tawo ; 

= Vin — AX 7 YYYVVF wel KITVYVY 

HO CK CES 

: taa al 
E VT vaVaVaVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAYAVAVAVAA je ° 
Figs KR ERXKAKROOOL | bs 
teiz tos 

= p20. BEDE PERRY 
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TIMING DIAGRAMS (Continued) 


TEST MODE IN CYCLE 
Note: OE, Address: Don’t Care 


}_—____________ tre 


















= Vin — 
RAS 
Vi 
trec 
top 
| tesr 
ak Vin f 
CAS 
Vi 
Ww ~RRRYRRERYRR) 
WwW 
Vi Oe 
torr 
poybo;, N 
Vor — 


TEST MODE DESCRIPTION 


The KM44C4000A/AL/ALL/ASL is the RAM organized 
4,194,304 words by 4 bit, it is internally organized 1, 
048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in parallel and retrieved the same 
way. Column address bit Ao and Ai are not used. If, 
upon reading, four bits on-one D/Q pin are equal (all 
"1"s or "O"s) the D/Q pin indicates a "1". If they were 
not equal, the D/Q pin would indicate a "0". In "Test 





tras 


ESSERE 


LLIN LANA 


VAV AY V 


LI RRR KKK 


OPEN 


ee DON’T CARE 


Mode", the 4M x4 DRAM can be tested as if it were a 
1M x4 DRAM. W, CAS-BEFORE-RAS Cycle (Test Mode 
in Cycle) puts the device into “Test Mode". And "CAS- 
BEFORE-RAS REFRESH CYCLE" or "RAS-only Refresh 
Cycle" puts it back into "Normal Mode". The "Test 
Mode" function reduces test time (1/4 in cases of N test 
pattern). 
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PACKAGE DIMENSIONS | 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) Units: Inches (millimeters) 


0.027 (0.69) 
MIN 














Pe Pee Fe = 
ea eo oO) st Slo 
ats BlR S| as 
ol Lig V2 gic 

fo] o1o OlN 
ww} w wo 

On ols ole 
Q} 8 NIN 2] 3/9 
o|o So]o oJ/o olo 


























0.670 (17.02) =| | 0.128 (3.25) 
0.680 (17.27) - 0.145 (3.68) 

















Ia] 0.004(0.1) 
0.050(1.27) 0.015(0.38) | 0.026(0.66) 
TYP | 0.021(0.53) 0.032(0.81) 
0.050(1.27) 
MAX 








24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(II) (300MIL, Forward and Reverse Type) _ 


0.03 (0.80) 


















0.039 (1.0) 
0.047 (1.20) 


i 0.298 (7.57) | 
0.302 (7.67) 
0.324(8.22) 
0.359 (9.12) 
0.367 (9.32) 


0.005 (0.13) 
0.008 (0.20) 





ie 


0.671 (17.04) 
0.679 (17.24) 


CQ} 0.003 (0.08) 


_ 0.048 (1.22) 0.012 (0.30) | \ 
0.052 (1.32) 0.020 (0.50) | 0.037 (0.95) 
, TYP 


0.016 (0.40) R a 
0.024 (0.60) ; 
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PACKAGE DIMENSIONS . 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters) 


0.025(0.64) 
MIN 
0.725(18.42) : 0.144(3.66) 
MAX 


eee ee ee) 
ot eh pe tit Tt 
0.004(0.1) [ 
0.050(1.27) = 0.015(0.38) a 0.026(0.66) 
TYP | 0.021(0.53) 0.032(0.81) 
; 0.050(1.27) 
MAX 
0.03 (0.80) 














0.400(10.16) 
0.360(9.10) 
0.380(9.65) 
0.430(10.90) 
0.445(11.30) 
0.008(0.20) 
























24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) , 














0.398 (10.11) 
0.402 (10.21) 
0.423 (10.76) 

"0.459 (11.66) 
0.467 (11.86) 


0.039 (1.0) 
0.047 (1.20) 





0.005 (0.13) 
0.008 (0.20) 


a OD 
eal 0.048 (1.22) 0.012 (0.30) | | 
0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 
TYP 


0.016 (0.40) | | 
0.024 (0.60) 
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4M x4 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


« Performance range: 


KM44C4100A/AL/ALL/ASL-5 | 50ns | 13ns | 90ns_| 


60ns 15ns_ | 110ns 


70ns 20ns 
80ns | 20ns 


¢ Fast Page Mode operation 

« CAS-before-RAS refresh capability 

« RAS-only and Hidden Refresh capability 

« Fast parallel test mode Capability 

¢ TTL compatible inputs and outputs 

¢ Early write or output enable controlled write 

¢ Single+5.0V+ 10% power supply 

* 2048 cycles/32ms refresh (Normal) 

* 2048 cycles/128ms refresh (Low power & Self Ref.) 
* 2048 cycles/256ms refresh (Super Low power) 
¢ JEDEC standard pinout 

Available in plastic SOJ and TSOP(Il) 
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FUNCTIONAL BLOCK DIAGRAM 





GENERAL DESCRIPTION 


The Samsung KM44C4100A/AL/ALL/ASL is a high 
‘speed CMOS 4,194,304 bit x4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. ; 


The KM44C4100A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM44C4100A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 
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CHS Control Vcc 
Clocks Vss 
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. Refresh Timer 
p= — 
Refresh Control 
Refresh Counter 
Row Address Buffer 
Col. Address Buffer 





~ A0~A10— 









Memory Array 
4,194,304 x 4 
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‘ Data in 
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PIN CONFIGURATION oop Views) 


* KM44C4100 AJ/ALJ/ALLJ/ASLJ +» KM44C4100 AT/ALT/ALLT/ASLT +» KM44C4100 ATR/ALTR/ALLTR/ASLTR 
AK/ALK/ALLK/ASLK AS/ALS/ALLS/ASLS ASR/ALSR/ALLSR/ASLSR 


Vss 
DQ4 



































DQ3 
CAS 
OE 
Ag 
As 
A7 
AG 
As 
Ag 
Vss 
J: 400MIL T : 400MIL(Forward) TR : 400MiL(Reverse) 
K : 300MIL S : 300MIL(Forward) SR : 300MIL(Reverse) 
Pin Name Pin Function 
Ao-A10 Address Inputs | 
DQ1~4 Data In/Out 
Vss Ground 
RAS Row Address Strobe 
CAS Column Address Strobe 
WwW Read/Write Input 
OE Data Output Enable 
Vcc Power(+5.0V) 
N.C No Connection 
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ABSOLUTE MAXIMUM RATINGS 


ee 
[votage on Any Pin lave ove «Woot | tered 
Votage on Voc Supply Relawvotoves | ——eo=—=SC*SCC tw dT 
: wn 

ar aa 









Vv 
Vv 
°C 
a 
Short Circuit Output Current | = twos S| Cid” mA 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to ve Ta=0 to 70°C) 





Supply Voltage 


Operating Current* 
(RAS and CAS Cycling @trc=min.) 


Standby Current 
(RAS=CAS=W=Vt ) 





‘| RAS-Only Refresh Current* 
(CAS=Vin, RAS Cycling @trc=min.) 


Fast Page Mode Current* 
(RAS=Vit, CAS, Address Cycling @tpc=min.) 


Standby Current 
(RAS=CAS=W=Vcc-0.2V) 





CAS-Before-RAS Refresh Current* 
(RAS and CAS Cycling @trc=min.) 


Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(Vin}=Vcc-0.2V 
Input Low Voltage(Vi)=0.2V CAS=CAS-Before-RAS 
Cycling or 0.2V Din=Don't Care TRc=62.5S(L-Ver.) 
125uS(SL-Ver), Tras Smin~300ns 
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KM44C4100A/AL/ALL/ASL-5 
KM44C4100A/AL/ALL/ASL-6 
KM44C4100A/AL/ALL/ASL-7 
KM44C4100A/AL/ALL/ASL-8 


KM44C4100A 
KM44C4100AL 
KM44C4100ALL 
KM44C4100ASL 


KM44C4100A/AL/ALL/ASL-5 
KM44C4100A/AL/ALL/ASL-6 
KM44C4100A/AL/ALL/ASL-7 
KM44C4100A/AL/ALL/ASL-8 


KM44C4100A/AL/ALL/ASL-5 
KM44C4100A/AL/ALL/ASL-6 
KM44C4100A/AL/ALL/ASL-7 
KM44C4100A/AL/ALL/ASL-8 


KM44C4100A , 
KM44C4100AL 
KM44C4100ALL 
KM44C4100ASL 


KM44C4100A/AL/ALL/ASL-5 
KM44C4100A/AL/ALL/ASL-6 
KM44C4100A/AL/ALL/ASL-7 
KM44C4100A/AL/ALL/ASL-8 


KM44C4100AL 
KM44C4100ASL 














KM44C4100A/AL/ALL/ASL _ CMOS DRAM 





DC AND OPERATING CHARACTERISTICS (ontinuea) 


(Recommended operating conditions unless otherwise noted) 




































































Self Refresh Current 

RAS=CAS=0.2V 

W=OE=Ao-Ato=Vcc-0.2V or 0.2V aa pe 
DQ1-DQ4=Vcc-0.2V, 0.2V or Open 

Input Leakage Current ie -10 10 A 
(Any input 0<Vin <Vcc+0.5V, all other pins not under test=0 volts.) we : 
Output Leakage Current _ 

(Data out is disabled, OV < Vout = Vcc) low) | aba ae 
Output High Voltage Level (joH=-5mA) VOH 2.4 - V 
Output Low Voltage Level (lo.=4.2mA) 




















*NOTE: Icci, Icc3, Icc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. In Icc4, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE (1=25 Cc, Vcc=5v, f=1MHz) 


Parameter 


Input Capacitance (Ao~A\10) 
Input Capacitance (RAS, CAS, W, OE) 





Input Capacitance (DQi~DQa) 

















Parameter 






Random read or write cycle time 















Read-modify-write cycle time 





60 70 80} ns | 34,14 


15 20 . 20} ns | 3,45 
30 35 [ 40; ns 3,11 


0 ; 0 0 ns 3 
15 0 20 0 20 | n 7 


Access time from RAS tRAC 


Access time from CAS tcac 
3 r 
CAS to output in Low-Z tcLz 
Output buffer turn-off delay {OFF | 
tT 


Transition time (rise and fall) 

















Access time from column address tAA 














IS 
+— | 
3 50 3 50 3| 50 ns 2 


10,000 | 70) 10,000 | 80/ 10,000; ns 
20| 20 bee a 
60 70 80 ns 
10,000 | 20 ont "20! 10,000 | 
50 | 20 60 4 


45 
35 15 40} ns 14 
ee 



























RAS precharge time tRP 
RAS pulse width tRAS 
RAS hold time tRSH 
CAS hold time tcsH 
CAS pulse width tcas 
RAS to CAS delay time tACD 
RAS to column address delay time 
CAS to RAS precharge time 
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AC CHARACTERISTICS (Continued) 


-§ -6 -7 -8 







































































































































































Parameter Symbol Units | Notes 
Min} Max | Min; Max | Min; Max | Min) Max 

Row address hold time . tRaH | 10 10} 10 10 ns 
Column address set-up time ice 0 0 [ iz |] 0] | ns 
Column address hold time {CAH | , 10 10 15 15 ei ns 
Column address hold time referenced to RAS “| taR 40 45 | 60 ns 6 
Column address to RAS lead time zi tral | 25 30 | 35 40 a | 
Read command set-up time tres | .0 0 2a 0 | _0} ns . 
Read command hold time referenced to CAS it tRCH | 0 o| = 0 0 ns 9 
Read command hold time referenced to RAS ey 0 0 _| 0 = ns | 
Write command hold time twon | 10 10 15 iz | ns 
Write command hold time referenced to RAS twcr | 40 45 ee = 60 ns 6 | 
Write command pulse width twp 10 10 15 | | 15 | ns | | 
Write command to RAS lead time tn | 15 15 | 20 20 <6 
Write command to CAS lead time teow. | 13 15 20 20 i ns. 
Data set-up time a tos 0 0 i 0 | 0 ns 10 
Data hold time tox | 10 10 | 15 5) =| ns | 10 
Data hold time referenced to RAS tDHR 1 aol =| alt | | wo | ss | 6 
Refresh period (Normal) tREF | ga] 32 32 32 | ms 
Refresh period (Low power & Self Ref) ther | 128} | t28 128 128| ms 
Refresh period (Super Low power) tREF | | 256) | 256 256 256 | ms 
Write command set-up time twcs 0 0 0 ‘| ons 8 
CAS to W delay time tow | 36 40. 50 _ | °50 _|ons 8 
RAS to W delay time tawo | 73 85 | 100 110 ns 8 
Column address to W delay time tawD 48 55 65 70 | ns 8 
CAS set-up time (CAS-before-RAS refresh) tcsk | 10 10 10 10 | 
CAS hold time (CAS-before-RAS refresh) tenn | 10 of | 15 15 ns 
RAS to CAS precharge time te | 5 5 | 5 5 ns |_ 
CAS precharge time (C-B-R counter test cycle) —_| tcptT | 20 20| 30 [ 30 ns 
Access time from CAS precharge topa | 30 sae 40 | 45 zm ns 3 
Fast Page mode cycle time tpc 35 «| 45 50 ns 
Fast Page mode read-modify-write cycle time tpRwC| 76 85 100 | 105 ns 

. CAS precharge time (Fast Page mode) tcp 10 10] 10 1 0 | | ns | 
RAS pulse width(Fast Page mode) | trasP | 50 | 200000} 60 200000) 70] 200000] 80 | 200000} ns 
RAS hold time from CAS precharge tRHCP Be 35 | 40 45 tons” 
OE access time toca 13 15] 20 |. 20| ns 
OE to data delay | toeo | 13 ey | 20] [2 [ __| ns 
Output buffer turn off delay time from OE tOEZ Ley 13) 0 15] O/| 2) 0 20; ns 
OE command hold time tOEH 13 15 20 20 ns 
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AC CHARACTERISTICS (continued) 
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Parameter smb - Units | Notes 
Min; Max | Min| Max | Min) Max 

Write command set-up time (Test mode in) twTs 10 10 _| os 

Write command hold time (Test mode in) twTH 10 10 10 10 _|_ ns 

W to RAS precharge time (C-B-R refresh) twrp | 10 10 10 10 ns 

Wto RAS hold time (6-B-R refresh) twrH | 10 10 10 10 ns 

RAS pulse width (C-B-R seff refresh) trass | 100 100 100 | | 100 us | 15 
RAS precharge time (C-B-R self refresh) tRPS [ 90 110 130 150 ns 15 
CAS hold time (C-B-R self refresh) tous | -50 50 50 50 ns | 15 
TEST MODE CYCLE (Note.12) 

Parameter smal ak a —- 2 Units | Notes 
Min| Max | Min| Max | Min) Max 

Random read or write cycle time tRC 115 135 155 ns 
| Read-modify-write cycle time [ tw | 1 160 0 210 j ns 

Access time from RAS tRAC 65 75 85} ns | 3,4,11 
Access time from CAS tcac | ia] | 20 25 25| ns | 3,45 
Access time.from column address tA Sas 40 45; ns 3,11 
FAS pulse width 75 ns 

CAS pulse width toss | 18] 10,000 25 | 10,000] ns 

RAS hold time tRSH 25 ns | 

CAS hold time tcsH 65 75 85 ns 

Column address to RAS lead time tRAL 35 40 45 ns 

CAS to W delay time | town 45 [ ss [ 55 _ns | 8 
RAS to W delay time tRWD 90 105 115 | ns 8 
Column address to W delay time tawD 60 70 75 ns 8 
Fast Page mode cycle time tPc 45 50 i am ns 

Fast Page mode read-modify-write cycle time tPRWC 90 105 110 ns 

RAS pulse width (Fast Page Mode) tRASP 65 | 200,000 | 75 200,000) 85 | 200,000) ns 

Access time from CAS precharge tCPA ol | 45 50} ns | 3 
OE access time tOEA | 20 25 25) ns 

OE to data delay tOED 20 25 25 ns 

OE command hold time tOEH 20 25 25 | ns 
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NOTES 
1 


oO 


. An initial pause of 200s is required after power-up 


followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


. ViK(min) and Vit(max) are reference levels for 


measuring timing of input signals. Transition times 


are measured between ViH(min) and ViL(max) are | 


assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads 


and 100pF 


. Operation within the tacp(max) limit insures that 


trRac(max) can be met. tRcD(max). is specified as a 
reference point only. If trcp is greater than the 
specified trcp(max) limit, then access time is 
controlled exclusively by tcac. 


. Assumes that tRcD > trop (max). 
. tar, twcr, tbHR are referenced to tRap(max). 
. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to VoH or VoL. 


. twcs, trwo, tcwD and tawpd are non restrictive 


operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs> 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo>tcwp(min), trwo> 
trwo(min) and tawp >tawp(min), then the cycle is a 


10. 


11. 


12. 
13. 


14. 


15. 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read 


cycle. ; 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the trap(max) limit insures that 
trRac(max) can be met. trRap(max) is specified as a 
reference point only. If trap is greater than the 
specified tRAD(max) limit, then access time is 
controlled by taa. 

These specifications are applied in the test mode. 
In test mode read cycle, the value of tRAc, tas, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

torF(max) and toez(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. 

2048 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 





e? 


ELECTRONICS 


614 


KM44C4100A/AL/ALL/ASL CMOS DRAM 





TIMING DIAGRAMS 
READ CYCLE 


tac 
tras the 


RAS ben 


tcrp tas 
GES Vin xX \— tcas AD, 
eh a 


Viq Y . _ x = al Y YYYYY Y YYY 
RY flop a ROKK) 


trap taRH 


tow 


Remeinn 


tacs 


Vin — 


ve — RRR 


=| 






— Me es YYVYY YY YY VY VY YX X¥ VV OY OV VYYY YY Y/Y 
FE OS KY 


torr 


toez 


trac 
Von | AY 
DQ DQ, On OPEN KX VALID DATA-OUT : ) 
Vo_-— : QQ 


toiz 


RO DON'T CARE 
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TIMING DIAGRAMS (Continued) 
WRITE CYCLE (EARLY CYCLE) 





Vin 


3 





Viv 





torp 





V 


tcas 





XQ 
nm 


a Oy }-— trap 





v| / 





tase traH 


tasc 
Vin 
Vi 





= XXX XK XXX XK KKK KX 


—~ WY : Y 
i ee oe: 


VY 


KKK 


Y 


KKK 














W Vn — YYVV VV || YYVYVVYVYVYVYVYVYVYVYYVWY 
Me = RRO 7 KOK 
L tRwe 
FE RRR RK 
pa,-pa, YH — 


Vie 


tour 


WRITE CYCLE (OE CONTROLLED WRITE) 


(| VALID DATA-IN 


oS trc 


tre 





tras 





ee) 
n 


Vin tcrp 





fe) 
on 


Vin — Oy 


Vi -— AAAZ 





tasr” 
Vin 


Viv 


> 


~ XXX 


== 





tar 
tas 
tosH 
trap , 
; tasc 
tra 
ROW UY COLUMN 
ADDRESS KX ADDRESS 


xX YYYYY atik 


SOON 





Vin 
Vit 


| 


RW 


DAAAALS 


fe OOO, 


Vir 


toeo 


DQ ~ 
i a Vi 


«ae? 


ELECTRONICS — 


XOXO 


traL 


VY 


Veh \A\/ YYYY VYY o 
UY YK 





ORAL 


toeH 


tos tox 


COG _vato onan RR SKK 


KY DON’T CARE 
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TIMING DIAGRAMS (Continued) 
READ-MODIFY-WRITE CYCLE 


tawe 


tras 





Vin 
RAS Vis 
tore tar 
er taco trash 
Vin = KWH tcas 
ny “ . oy & ey E 





boa 
me XE 8" DRY) en.0 ROOKIE 
iz eee — ton 
RRR 


=| 
2< 
cS! (ae 
1d 








FE RY oN a e 


ton 


trac toez 
Von ar 
DQ,-DQ VALID VALID 
ae wee OOK DATA OUT OOM DATAIN YP 


OL 


FAST PAGE MODE READ CYCLE 


trasp trp 
Vin 
RAS Vi 


-| trsH 
ae Vin = cae tcas 
Vit —- &B ra 


truce 





















CAS 
tasr 

A peace = ORE ee Bee Saason 

trap trou 
i ae WR WO OK 
os Vo — ¥ x \/ X \/ VY YY VY 
FE ROARK Ry AY | AK y | XK 

tcac | kK torr 
trac 
Vou X 9 

001006 : OCR ee OX off Bur 


teiz tez 


ex | _ 
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- TIMING DIAGRAMS continuea) 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


trasp tre 
RAS tar 


tornp 


tec 
ee 
=> Vin = VA \ toas tcas tcas 
Vi 7 wy eS i : Y/ 


Q 
n 


> 


ae l a ey 

tasr ro] [ ; 
Vin — 9 zp Sealer i La) VV ia any YYVVY 
sc — SK BREE OX RSSHBRS DRY SSS DRS SSRMES DENS 


Xx DDRESS " ADDRESS 
Vin VYVYVY YV I VY, tl & 
1 RTT TT RT 


tina? Sua 8 
zc ~RRYERERRY ee SIAN NIRRRRRERR 
c MMMM MMO 


ALA L LA LLVGAL AANA AAV AV AVA AV AN CLV MAAN ALA 


701008 SSS oti, DESL cits DRX ott DSSS 


tour 





=I 


- 


FAST PAGE MODE READ-MODIFY-WRITE CYCLE 


y trasp 
RAS i tan 7 i 
Vir 
t 
Be ame tcsu ag (i a 
i a // 


= oe Aloe: 
trap 
ges — 
Vin ~ A/V VVYVYV VF 
EB 
= Pees 





=| 


tawo 


Vin 





OE. : 
te 
taa 
! 
toea | tou 
tcac : 
eo) 
trac 
Vio 4 00% XX / 6) 
DQ,-DQ 
; VuoL — : Sy qe , QOK XY ZN 
touz VALID VALID toz VAUD VALID 
DATA-OUT DATA-IN DATA-OUT DATA-IN 


RY DONT CARE 
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TIMING DIAGRAMS Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE =Don't care ~ 











a ViH— 
RAS does 
pe Vin— 
CAS 

. Vit— 








DE K_ 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Vin, OE, A=Don’t Care 


fe re 
tre 








tap trp 
Vip— 
RAS —____—_—_—__——-- tras ; 
Mite trec trpc 
tcsr ick 
Vin— 
CAS 
Vit— 


torr 
ViiOH — ; ; 
DQ,-DQ, View = ; OPEN eee ee 


CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 











RAS Vin — 
Vir - 
= Viq — 
CAS \ 
vit » 
Vv — 
pai-pag. OPEN 
VoL — 


XX DON’T CARE 
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TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 


trp 
tre tras 


Vin 














RAS a: . 
Vv = tcHR 
OAS 7 7 
Vin ~- YWYVAY a a9 i XX V4 XXXX XXX XK VYY 
Se SSO tthe DRX SSbHRES DRONA 
ew 
ey” NI SOS 













tcac torr 


trac 
Vor = | PY 
DQ,-DQ, - Or VALID DATA-OUT ) 


HIDDEN REFRESH CYCLE (WRITE) 


tre 
























are tras 
RAS Vi 
SAS Vin tcHR ae 
Vite = es cx 
Wo — PERE aow A Rf carmen ATRR RRR RRR) 
‘i Mi — XX ai: VXXXXXXX XXX XY 
ae Vin VYYYYYAAAYYY? Y/Y" _~- 
Ve RK RERAET XX 


L\ 


OY INT 


se Vin — YYW PY AVA VAY, a , , 
Gam ATOLOLAGCOssCOrorerOre Orsi tscserecorerorerecororocorrnrororororn ororeeseoeneunnns 


x 


tou 


pana SKK, van onan DRS SSSI KKK 


tour 
PSimsunig | 
i 2 4 
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TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE | tap 


a Vin — 


Vi — 








Vin — PYVYV VY VVVY YY YY YY VY VVYy —_ __ YY YY Y VY YY YY ¥ ¥ ¥ 
fo ns 


B 
ag oe VY = RIV VY VY YY Y yp — Een 
oe NY xX 





An RIKKI SKK 


i\4 
iy | Fe} 
OFF 
; ee 
) 


















WRITE CYCLE | ,,,. 
= Vin — TY WAAG R/ MYVWVYV VV ¥ VV VYVVVVVVVVYVYVV 
me SOO ARIK 





FI RRR RRR RRR 


Conse} 





Vv —_ 
DQ,-pa, 
oOo. 








BERD MOBIEN-WEHTE Ha ; 
0 RU RR lean 
Ro ia, I 


VuioL — LLLS 


tez tos 
ViioH : ) ] YY VY Y 
pa CU 


VALID DATA-OUT VALID DATA-IN 


. KY DON'T CARE 
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TIMING DIAGRAMS (Continued) 


TEST MODE IN CYCLE 
Note: OE, Address: Don’t Care 


Viw — 


Vn > 
: tare 


ter 


5 = 


REE IN 
DQ,-DQ, iia ; y 


oOo. ™ 


TEST MODE DESCRIPTION 


The KM44C4100A/AL/ALL/ASL is the RAM organized 
4,194,304 words by 4 bit, it is internally organized 1, 
048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in ‘parallel and retrieved the same 
way. Column address bit Ao and A1 are not used. If, 
upon reading, four bits on one D/Q pin are equal (all 
"1"s or "O"s) the D/Q pin indicates a "1". If they were 
not equal, the D/Q pin would indicate a "0". In “Test 


LIK 


tac 


LI 


YY YY VY YY 
LLL BIN 


OPEN 


Ro DON’T CARE 


Mode", the 4M x4 DRAM can be tested as if it were a 
1M x4 DRAM. W, CAS-BEFORE-RAS Cycle (Test Mode 
in Cycle) puts the device into "Test Mode". And "CAS- 
BEFORE-RAS REFRESH CYCLE" or “RAS-only Refresh 
Cycle" puts it back into "Normal Mode". The “Test 
Mode" function reduces test time (1/4 in cases of N test 
pattern). 
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KM44C4100A/AL/ALL/ASL  __ GMOS DRAM 





PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) ‘Units: Inches (millimeters) 


0.027 (0.69) 
a F MIN 





















.295 (7.49) | 
0.305 (7.75) 

j 
0.260 (6.60) 


0.275 (6.98) 
” 0.330 (8.38) 
0.340 (8.64) 
0.008 (0.20) 
0.012 (0.30) 





0.29! 











_ 0.128 (3.25) 
0.145 (3.68) 


0.670 (17.02) 
0.680 (17.27) 





C)| 0.004(0.1) 
0.050(1.271| : : 0.015(0.38) i ; 0.026(0.66) 
TYP | 0.021(0.53) 0.032(0.81) 











0.050({1.27) 
MAX 











24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(I!) (SOOMIL, Forward and Reverse Type) 


0.03 (0.80) 
TYP 


- 

















0.298 (7.57) 
0.302 (7.67) 
0.367 (9.32) 


0.324(8.22) 
TYP 
0.359 (9.12) 








a 












~|S 
ea 
0.671 (17.04) clo 
e|F 
0.679 (17.24) S}s 
; ola: 0.005 (0.13) 
0.008 (0.20) 











Bless] & ([--HAAAA 
= 0.048 (1.22) 0.012 (0.30) | | 
0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 
TYP 
0.016 (0.40) 
0.024 (0.60) | 
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KM44C4100A/AL/ALL/ASL CMOS DRAM 





PACKAGE DIMENSIONS | —_ 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) _ Units: Inches (millimeters) 


_ 0.025(0.64) 
MIN 















0.360(9.10) 
0.380(9.65) 

0.430(10.90) 

0.445(11.30) 


© 
fo) 
So 
fs) 
me 
° 





0.008(0.20) 




















' 0.725(18.42) 0.144(3.66) 
MAX 
CY] 0.004(0.1) 


scson.zn| | : 0.015(0.38) J | 0.026(0.66) 
TYP : 0.021(0.53) 0.032(0.81) 











0.050(1.27) 
MAX 





24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 


0.03 (0.80) 
















0.398 (10.11) 
0.402 (10.21) 
0.467 (11.86) 








a|& 
0.723 (18.36) = = 
0.727 (18.46) Sia 
S/o 0.005 (0.13) 





0.008 (0.20) 


= 7. 0.048 (1.22) 0.012 (0.30) | | 
0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 
TYP 
0.016 (0.40) 
0.024 (0.60) 





fal 0.003 (0. 08) |] 











624 





Person 


ELECTRONICS 


KM44C4010A/AL/ALL/ASL 


CMOS DRAM 





4M x4 Bit CMOS Dynamic RAM with Fast Page Mode (Write Per Bit Mode) 


FEATURES 


« Performance range: 
KM44C4010A/AL/ALL/ASL-5 13ns 
KM44C4010A/AL/ALL/ASL-6 
KM44C4010A/AL/ALL/ASL-7 
KM44C4010A/AL/ALL/ASL-8 









110ns 


70ns 20ns 130ns 
80ns 20ns 150ns 


- Fast Page Mode operation 

¢ Self Refresh Operation (LL-ver. only) 

¢ Write Per bit Mode capability 

* CAS-before-RAS refresh capability 

* RAS-only and Hidden Refresh capability 

¢ Fast parallel test mode Capability 

¢ TTL compatible inputs and outputs 

¢ Early write or output enable controlled write 

« Single+5.0V+ 10% power supply 

¢ 4096 cycles/64ms refresh (Normal) 

* 4096 cycles/128ms refresh (Low power & Self Ref.) 
¢ 4096 cycles/256ms refresh (Super Low power) 
e JEDEC standard pinout : 

¢ Available in plastic SOJ and TSOPiII) 
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FUNCTIONAL BLOCK DIAGRAM 







Control 
Clocks 







GENERAL DESCRIPTION 


The Samsung KM44C4010A/AL/ALL/ASL is a high 
speed CMOS 4,194,304 bitx 4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM44C4010A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM44C4010A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


Vec 
Vss 


Ves Generator 








Refresh Timer 


Refresh Control 


Refresh Counter 


Row Address Buffer 














A0~A11 —t= 





Col. Address Buffer 





AO0~AQ 










Memory Array 
4,194,304» 4 
Celis 


Column Decoder 






Data in 
Buffer 

















Data out 
Buffer 


Sense Amps & lO 
(a) 
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KM44C4010A/AL/ALL/ASL  —_—>™ CMOS DRAM 





PIN CONFIGURATION (top views) 


* KM44C4010 AJ/ALJ/ALLJ/ASLJ = * KM44C4010 AT/ALT/ALLT/ASLT +» KM44C4010 ATR/ALTR/ALLTR/ASLTR 
AK/ALK/ALLK/ASLK AS/ALS/ALLS/ASLS ASR/ALSR/ALLSR/ASLSR 






Vcc 
W1/DQ1 


Vss 
Wa/DQa4 


Vec 10 24D Vss 
W1/DQ1 FY 2 231 W4/DQ4 


W/DQeQ3 | 2210 W3/DQ3 Ws/DQ3 We/DQz2 
We/w 14 210) CAS CAS We 
RAS C15 OE OE RAS 
A176 191 Ag Ag AG 
Aw 7 18) As Ag A10 
Ao 8 1700 A7 A7 Ao 
Aids 16M Ae Ag Ay 
A211 10 1517 As As 10 (DD) Ae 


Ag 
Vss 





J: 400MIL : T : 400MIL(Forward) TR : 400MIL(Reverse) 
K : 8300MIL S: 30QMIL(Forward) SR : 300MIL(Reverse) 

















TFinName | PinFunction | 
[OE | Data Output Enable 
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ABSOLUTE MAXIMUM RATINGS 


| 
Voltage on Any Pin Relative to Vss he ee a 
Voltage on Vcc Supply Relative to Vss ie Te 
STOTT Ae ae SN a 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMEN DED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


[Pane Tsien Te Tt 


Ground 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 
enna enee __ eeeneemensie CNL 


KM44C4010A/AL/ALL/ASL-5 
Operating Current* KM44C4010A/AL/ALL/ASL-6 
(RAS and CAS Cycling @trc=min.) KM44C4010A/AL/ALL/ASL-7 

KM44C4010A/AL/ALL/ASL-8 


KM44C4010A 
Standby Current KM44C4010AL 
(RAS=CAS=WB/W=Vih ) KM44C4010ALL 

KM44C4010ASL 


KM44C4010A/AL/ALL/ASL-5 
RAS-Only Refresh Current* KM44C4010A/AL/ALL/ASL-6 
(CAS=Vin, RAS Cycling @trc=min.) KM44C4010A/AL/ALL/ASL-7 
KM44C4010A/AL/ALL/ASL-8 


KM44C4010A/AL/ALL/ASL-5 
Fast Page Mode Current* KM44C4010A/AL/ALL/ASL-6 
(RAS=Vit, CAS, Address Cycling @trc=min.) KM44C4010A/AL/ALL/ASL-7 
KM44C4010A/AL/ALL/ASL-8 


KM44C4010A 
Standby Current KM44C4010AL 
(RAS=CAS=WB/W=Vcc-0.2V) KM44C4010ALL 

KM44C4010ASL 


KM44C401 0A/AL/ALL/ASL-5 
CAS-Before-RAS Refresh Current* KM44C4010A/AL/ALL/ASL-6 
(RAS and CAS Cycling @trc=min,) KM44C4010A/AL/ALL/ASL-7 
KM44C4010A/AL/ALL/ASL-8 





















< 


“H 








<j< 





Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(ViH)=Vcc-0.2V 
Input Low Voltage(Vi)=0.2V CAS=CAS-Before-RAS 
Cycling or 0.2V W1/DQ1~Wa4/DQ4=Don't Care 

tRc=31 .25us(L-Ver.) 62.54s(SL-Ver), tras=tras min~300ns 
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DC AND OPERATING CHARACTERISTICS (continues) 


(Recommended operating conditions unless otherwise noted) 


rerameter “YS in [| Ui 


Self Refresh Current . 
RAS=CAS=0.2V 
WB/W=OE=A0-A11=Vcc-0.2V or 0.2V aS ae ae 
W1/DQ1-W4/DQ4=Vcc-0.2V, 0.2V or Open : 
Input Leakage Current tie -10 10 A 
(Any input 0<Vin <Vcc+0.5V, all other pins not under test=0 volts.) 
Output Leakage Current 
(Data out is disabled, OV<VouT< Vcc) HA 
Output High Voltage Level (loH=-5mA) | vow | 24] - |v 
Output Low Voltage Level (lo.=4.2mA) vo | - | o4 | v 


*NOTE: Icc1, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. In Icc4, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE cta=25°c, Vec=5V, f=1MHz) 


Parameter Sombie [0 
not Capactance (AS, CAS, WAN, CE Ly ae a 


Input Capacitance (W1/DQ1~W4/DQa) 

AC CHARACTERISTICS (0°c<1a<70°C, Vec=5.0V+10%, See notes 1,2) 

ie aes a eat 
[ Min | Max | Min} Max | Min| Max | Min] Max | 

Random read or write cycle time | tro | oo] | 1 | ts | 
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Read-modify-write cycle time 






Access time from RAS 


Access time from CAS 


or |e 
Flee 


Access time from column address 
CAS to output in Low-Z 


Ss 
RN 


> 
jo} 
4 
a 


Output buffer turn-off delay 
Transition time (rise and fall) 


RAS precharge time : 


ola poy | o 

ol;n mio lo 
ow {oo 

MEN |o (a [Ss 
=~ 1H 


RAS pulse width 
RAS hold time © tRSH 
CAS pulse width 
-| RAS to GAS delay time 
RAS to column address delay time 
CAS to RAS precharge time 
Row address set-up time 
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AC CHARACTERISTICS (Continued) 


P t 
SS ee nacrscirs 


Row acdressholdtime | ww | tol fo) | tof tof ws | 


Column address set-up time tasc | of =| of | of | of ‘| as | 
Column adress hod time jo { of | of fs] fs} te Td 
Column address hold time referenced to RAS {of fs} fs} fool de 


Column address to RAS lead time {RAL | 25] | sof | as} | ao | 
Read command set-up time Ftacs | of | of [| of [01 
Read command hold time referenced to CAS tas | of | of | of | of 
[Read command hold time referenced toRAS | trem | | | of | of | 
Write command hold time jtwon | tof | of | ts] | 


fw | of [| of [sf | 8 
fete fat tat 
fiw | 3] | 6] | a 2 

Data set-up time tps 

Data hod time Fl 
Data hold time referenced to RAS toe | ao] | as] st 5s] | of ns | 
Refresh ota (Normal) | ter | | of | oat | oa] [a] soms | 
Reteshpeiod bow powers.sarret) | tres |_| 1ze| | ze] | 120] | 8 
a a a6 


|| | 0 
towo | 36] | 
RAS to W delay time l two | 73) 

Column address to W Dia! time Tw | el 

— 

peed 
































Write command hold time referenced to RAS 






Write command pulse width 







Write command to RAS lead time 









Write command to CAS lead time 
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wo 









Access time from CAS precharge 


Fast Page mode cycle time ff wf | wt of 
Fast Page mode read-modify-write cycle time | terwc| 76| | 
CAS precharge time (Fast Page mode) ft | 10] | 
RAS pulse width(Fast Page mode) | taase | 50 | 200000 | 
RAS hold time from CAS precharge tRHCP | 30] =| a] =| aol | | ons | 
| 
eo 
-— 











OE access time 





OE to data delay 
Output buffer turn off delay time from OE tOEZ 
to 






OE command hold time 
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AC CHARACTERISTICS (continued) 


ao 
| ol 


Write command set-up time (Test mode in) | twrs_| 
Write command hold time (Test mode in) 


3 


W to RAS precharge time (C-B-R refresh) 


W to RAS hold time (C-B-R refresh) 
RAS pulse width (C-B-R self refresh) 


a 


RAS precharge time (C-B-R self refresh) 
CAS hold time (C-B-R self refresh) 
Write per bit set-up time 

Write per bit hold time 


Write selection set-up time 
Write per bit selection hold time twDH 
TEST MODE CYCLE (Note.12) 


| Fae] x [on | win] we | wn] wa | 

fanionsiowtceetme [we | sl [us| [ow ust Te] 
imo [8| [| |] [oo] | |_| 
poz tee on AS rec [| fw! |e] [| m [oan] 
ce te ton ree | ot | of [al | 2] om | acs | 
ecm tno ton cases [|| wf | «| | al | a] we | att 
pus wt rns | 8] Tomo] | Ton] ze) snot! we | ream) os |_| 


RAS hold time 
CAS hold time 
Column address to RAS lead time 
CAS to W delay time 


RAS to W delay time 
Column address to W delay time 
Fast Page mode cycle time 


Fast Page mode read-modify-write cycle time tprwc| 
RAS pulse width (Fast Page Mode) 


Access time from CAS precharge 


Zz |S |3 ESET 
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OE access time 
OE to data delay tOED 


OE command hold time tOEH 
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NOTES 


1. 


ou 


An initial pause of 200us is required after power-up 
followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


. Vin(min) and ViL(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 
assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads 


and 100pF. 


. Operation within the trcp(max) limit insures that 


trac(max) can be met. tRcp(max) is specified as a 
reference point only. If taco is greater than the 
specified trcp(max) limit, then access time is 
controlled exclusively by tcac. 


. Assumes that trop >trcb (max). 
. tar, twor, toHR are referenced to tRAD(max). 
. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to Vou or VoL. 


. twcs, trwb, tcwD and tawod are non restrictive 


operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. !f tcwo>tcwo(min), tawo> 
trwo(min) and tawp >tawp(min), then the cycle is a 


10. 


11. 


12. 
13. 


14. 


15. 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data output is indeterminate. 


. Either tRCcH or tRRH must be satisfied for a read 


cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the trRap(max) limit insures that 
tRAc(max) can be met. tRAD(max) is specified as a 
reference point only. !f trap is greater than the 
specified tRap(max) limit, then access time is 
controlled by taa. 

These specifications are applied in the test mode. 
In test mode read cycle, the value of trac, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

torF(max) and toez(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. 

4096 cycle of burst refresh must be executed 
within 16ms before and after self. refresh, in order 
to meet refresh specification. 
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TIMING DIAGRAMS 
READ CYCLE 





tras : tap 


Vit— tar ; 
— =e ss ee 
fies 4G ITF 









~ oS ENS 
~n] Le tani ae 
A Ve REYK RBBREss ROKK ROUEN, WOO ir or oOo) 
tRCH 

vin TRRRXWKRYEYYY TRIER 

wT AAR) | | Os 
. tAA 

Iq#— YWYVIAMAVYVYYVWA/YV\A AAAAAN/V OEA: AMY YVAAA/)VY VAAAASVA/AVVANAA AY 

TET OO PRK 


tcac torr 


trac —— 


VoH— vay J 
DQ1-DQ, ern {x ( VALID DATA-OUT 


torz 


tro 
oe Vin — 
aK " , me 
Vi ae 
tore ; 


Viq— 


CAS Vr 






| eth | 

ORO SS KD 
off Fest 

mat ORE RR 


Vin — Ws) IV 
Vii— MAAWYYS 


3 tweor 
= ae 
aa 


pone Vin — YYVYVYYVVY VYVYV¥v ASV YAS VY VY YASS SAS VV VV YY VV V VY VY ALAAAAAS/PAA/ 

ee OEDOOS HUH LINO III UU URK 
he ee as twos i = 

—_ VYV YJ YY VVYY VY Y Y YVY ¥ YPASYY AALS AAAS YLS/YYV 

NO, GMT GPCI rstoreornrernrrncornornrnuuiuunn 


XX DON’T CARE 
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_ TIMING DIAGRAMS (continued) 
WRITE CYCLE (OE CONTROLLED WRITE) 


Vin — 


Ay, — | eee 


a geo oe 
iaScaee 

Mae TRO OL SES RRR 
twes 

Warm RY x SONG EE OOO 
= - my pa ss aN NY 









twos tox 


W,/DQ, ViKe— YYXS 


rWUDGs vy — SRR Oatacn ROR ION Sa FOR 
READ-MODIFY-WRITE CYCLE 


Vin — 


Vir— po ee | 


vis p—p———+A| | te 


RAS 











OS _ A 
acm 
~ Min iy 
aT RRR (EEN Ye ROKK RR) 
twes 
a 
Yee r~vTyyvY_AiSs,~6§©>™rSssSsS”  - f/NSS~S:*:i‘is: see EC LRIGSTTTTT O 
waw Vn OY _— a \ eR Cerne 


Vit — SHINN KK OW OH OY OR 
Vit— EXKK KK Tecra ox. 
twos 
ie 
Vin — YVV¥_\¥¥Y Vie saacr «ehiVUVVVeVYYyeU YU 
ON: GE aS 


= DATA-IN ae oR YX ENON BONS 


Vit— 
W,/DQ, 
~wW,/DQ, 
Vou — AY VALI 
Ss _s 
ee PEN (Ny: DATA-OUT 


Ra DON'T CARE 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE READ CYCLE 


RAS 


CAS 


DQ;-DQ, 












V MnASF tRHCR 
1H— : cs 
ViL— 

ViH— tcas 

vis ae ee 





ca 
tASR = 


ae ea = 
Viq— . GOL = 
CSP SEE RON Sas HOI CE ERED 
| | 
Pee ee a 


tRCH 








l=] —_ 
Vit—- NY Wy 4 WY XXXXX 
Vit- 3 xy BOY XY NY) : ¢ (iets || NX ww OY 
AA AA | 
secon aes 7 aneneee 
FT ROR TERR. | RRR OR 








: torr 
trac 


toiz Een | Be Eo} 
Vou— wy, fVALIO\ OXY VALID 
LYN DATA-OUT. (YA DaTA-ouTy 


VoL_—- 





toez 


VALID 
(x) DATA-OUT J 





FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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~W,./DQ4 
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TIMING DIAGRAMS (continued) 
FAST PAGE MODE READ-MODIFY-WRITE CYCLE 


Viq— trase : 
reife Poems ag Mee eS 
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HS og ea 
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TIMING DIAGRAMS (continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE=Don't Care 



























































‘as trc 
RAS ViH— 
Vit— 
Vip— YYYY AA AAAA XD VYASAL SAS JAASY PAS JAAA/SAALAA/ 
A Vi XXX _ Row ADDRESS KARR RRR RRR 
CAS VipH— V[AAAAYYYYYYYryyry Y~VPP 9 
FS ne CRY RY 
}—-— tcrP 
Vin— : 
DQ1-DQ, Seeman (-) fF {\| 
Vit— : 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: OE, Address = Don’t Care 


tro 





tre 






































RAS wine tras- 
Vit— 
trRec 
tcp bese ha tRec 
ViH— ; if avataVaVa¥,¥a¥A"aVaYa¥a¥a¥a¥ar 
Sy | | RY KK 
twrp twRH 
_ Viu— AAAAIRI NAAM AE CAAA AIA IA AAAI AAAI AV AIA? 
We AY KK KKK KKK ARK KNK AX KXAN 
DaQy-Da, ViioH — 
VuloL — 
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TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 
be 
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RAS tAR =| 
ViL— 
tore ++ /- ce | tas : — tcHR came 
CAS trap _| \\ : | 
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Vie- © rN 4, III IVA AIAN AAAAANAAIAAAAAAARARREATAII | 
ve A EY Sosness RECO CO CRD 
trcs Lal al i ‘rian . 
= ViH- UKAIYG TIVVVVVVY VVV y, AWA", 
7 RR | _ NMEA 
== VIH— AAAI | toca VV VV VV VY VY KY YY VY 
FE KARR ER RKO RKK KRY 
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Ss ‘tRAG 7-4 ! 
DQ1-DQ, Nou VALID DATA-OUT 












HIDDEN REFRESH CYCLE (WRITE) 
tac tac 
tras tap tap 
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TIMING DIAGRAMS (continueg) | 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 





Vin tras 


SM 
“ tcsr topr , 


tou R tasy 


saad / | 


me) 


are Vin 


CAS 
Vi — 









= i 
READ CYCLE 








ia 

sb Vin ~ DIQWWVY SAR KIRA 

we RRR fee dl E= 
toga 


Vin — VYVY YYYVYVYVYYYVYVYVYVYYYVYYY I IN UII AN, 
Fe OR OOOO 


L— XK AQQQYN A 


iz bei 
ba = 






Vou Jan 
DQ1-DQ4 Y, 
; Magee: i) VALID DATA-OUT \ 
WRITE CYCLE twes | | twex 








ei ae 

eee Vn — YYYYYX YYYY YY 
ene" OOO SB SC a 
<— Vin — YYVY VY YY YY YAY VOY YOY PJ ASA ASSP AA AY YAR AAR AA AL,AAALYY VY YY/Y 
SEE CONNONNNOONONNO NOOO NOON 


twos 


aE |_| 
Vin ~ JOVWYY 7 IWYY 
Wy /10;~W4/!04 ec: CORRS eae KRM VALID DATA-IN I) 
READ-MODIFY-WRITE CYCLE 


twas | |twex 


aera 
ee Vin —~ DAI) TY YY YY 
Wee OOO ROQQOOOY 












tawe 


twp 
RRR 


Tw tT FR YN NY Gy WS RAY NN tN 


ai 
FE, RRQQQQOOM OOOO | 


. t 
tcac = 
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KM44C4010A/AL/ALL/ASL 





CMOS DRAM 

TIMING DIAGRAMS (continued) 
TEST MODE IN CYCLE 

NOTE: OE, Address=Don't Care 

tre 
tRAS trp 
ats Vi trPC \ 
Vit— 
top tcsr 
aaa silt cane 

= Viq— OXKXKXKKY XXX XKAKKKEKXAXAKKKKAR KKK 

ie 3 AX RR KRXXK KK KX NRE 





+—_—— twtH 








Vin— VV VA//VVV 
YH RIKKROKRY) 
vn SRD 


= 


torr 
papa  —- YWOH — N 
Viiot — 


TEST MODE DESCRIPTION 


The KM44C4010 is the RAM organized 4,194,304 
words by 4 bit, it is internally organized 1,048,576 words 
by 16 bits. In “Test Mode”, data are written into 16 sec- 
tors in parallel and retrieved the same way. Column ad- 
dress bit Ap and A, are not used. If, upon reading, four 
bits on one I/O pin are equal (all ‘1”’s or ‘0”s), the 1/0 
pin indicates a “1”. If they were not equal, the I/O pin 


200.04: 0.0,0.0.0.0.9, 


XXX KXXXXXXKXKKKKKKKKXXAKKAKKKAAKK KK 
RRR 


XX OXXXXXAXKKK i\Z\ 


OPEN 





ae DON’T CARE 


would indicate a “0”. In “Test Mode”, the 4Mx4 
DRAM can be tested as if it were a 1M x 4 DRAM. W, 


’ CAS-Before-Ras Cycle (Test Mode in Cycle) puts the 


device into “Test Mode”. And “CAS-Before-RAS 
Refresh Cycle” or “RAS only Refresh Cycle” puts it 
back into “Normal Mode”. The “Test Mode” function 
reduces test time (1/4 in cases of N test pattern). 
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{<M44C4010A/AL/ALL/ASL | CMOS DRAM 


PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) Units: Inches (millimeters) 


0.027 (0.69) 
MIN 

















_ a_i | —[l— 
nm o;]s oOlo 
zie BIS als 8/8 
ele Glo B/S sis 

oO QO N 
ww} Ww ow > o 

ON Of] st oO 
Q 18 NIN S/e S/S 
colo Slo o/c Slo 


















0.670 (17.02) 0.128 (3.25) 
0.680 (17.27) 0.145 (3.68) 
! 





| 0.050(1.27) 
MAX 








24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(II) (300MIL, Forward and Reverse Type) 


0.03 (0.80) 









0.298 (7.57) 
0.302 (7.67) 








0.671 (17.04) 
0.679 (17.24) 





0.039 (1.0) 
0.047 (1.20) 


—_———\ 
0.324(8.22) 
0.359 (9.12) 
0.367 (9.32) 


0.005 (0.13) 
0.008 (0.20) 





Bpoosce] COARAHEIHHHHAD 


a 0.048 (1 22) . 0.012 (0.30) | | 
0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 
TYP 


0.016 (0.40) 
0.024 (0.60) 
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-KM44C4010A/AL/ALL/ASL CMOS DRAM 





PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters) 


-_ 0.025(0.64} 
+ MIN 











ae 
| 
| 
| 








0.380(9.65) 
0.430(10.90) 
0.445(11.30) 








0.008(0.20) 

















) is 
0.725(18.42) s -  10.144(3.66) 
TT MAX 





























Fy inl 
Ia 0.004(0.1) 
0.050(1.27)| | : 0.015(0.38) | | 0.026(0.66) 
Tye of 0.021(0.53) 0.032(0.81) 
0.050(1.27) 
” MAX 
24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 
0.03 (0.80) 
















0.723 (18.36) 
0.727 (18.46) 





0.005 (0.13) 





| <—=h | 
. 0.423 (10.76) 
TYP 
0.459 (11.66) 
0.467 (11.86) 




















0.008 (0.20) 
| 
cial | omc 2 conn || 
0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 
TYP 
0.016 (0.40) i | 
0.024 (0.60) 7d 
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KM44C4110A/AL/ALL/ASL 


4M x4 Bit CMOS Dynamic RAM with Fast Page Mode (Write Per Bit Mode) 


FEATURES 
« Performance range: 


P| trac | tone | tre | 
KM44C4110A/AL/ALL/ASL-5 | 50ns | 13ns | 90ns | 
KM44C41104/AL/ALL/ASL-6 | 60ns | 15ns | 110ns_ 
KM44C4110A/AL/ALL/ASL-7 
KM44C4110A/AL/ALL/ASL-8 | 80ns | 20ns | 150ns | 


« Fast Page Mode operation 

¢ Self Refrdsh Operation (LL-ver. only) 

- Write Per Bit Mode capability 

« CAS-before-RAS refresh capability 

« RAS-only and Hidden Refresh capability 

¢ Fast parallel test mode Capability 

¢ TTL compatible inputs and outputs 

* Early write or output enable controlled write 

« Single+5.0V+10% power supply 

* 2048 cycles/32ms refresh (Normal) 

¢ 2048 cycles/128ms refresh (Low power & Self Ref.) 
¢ 2048 cycles/256ms refresh (Super Low power) 
¢ JEDEC standard pinout 

« Available in plastic SOJ and TSOP(!I) 





FUNCTIONAL BLOCK DIAGRAM 






Control 
Clocks 











Refresh Timer 


be eae 








Ao~Ai0 


Vcc 
Vss 
VBB Generator 


Memory Array 
4,194,304x4 


Column Decoder 


GENERAL DESCRIPTION 


The Samsung KM44C4110A/AL/ALL/ASL is a high 
speed CMOS 4,194,304 bit x 4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM44C4110A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 


auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM44C4110A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


















W1/DQ1 
to 
Wa4/DQ4 






Cells 


Sense Amps & IO 







Data out 
Buffer 





Penn sunsg 


_ ELECTRONICS 


642 


KM44C4110A/AL/ALL/ASL CMOS DRAM 





PIN CONFIGURATION (top views) 


+ KM44C4110 AJ/ALJ/ALLJ/ASLJ — « KM44C4110 AT/ALT/ALLT/ASLT + KM44C4110 ATR/ALTR/ALLTR/ASLTR 
AK/ALK/ALLK/ASLK AS/ALS/ALLS/ASLS_ _- ASR/ALSR/ALLSR/ASLSR 


Vcc 2410 Vss Vec 17 Vss 
W1/DQ1 2310 Wa/DQ4 W1/DQ1 14 W4/DQa 
W2/DQ2 221 W3/DQ3 We2/DQe W3/DQ3 










WB/W 2101 CAS WeW 1 GAS 
RAS N.C. RAS 1) N.C. 
N.c. Ag N.C. 1 Ag 

Aw Ag Aio 14 Ag 
An A7 Ay 1 A7 
Aig Ae Ay OO AG 
A2q As A2 1] As 
A3 Ag A3 1 Ag 

















J: 400MIL T : 400MIL(Forward) TR : 400MIL(Reverse) 
K : 300MIL S: 300MIL(Forward) SR : 300MIL(Reverse) 
Pin Name Pin Function 
Ao-A1o Address Inputs , 
woo we Select/Data in, out _| 
Vss Ground 
RAS Row Address Strobe 





| CAS - | Column Address Strobe 
WB/AW Write Per Bit/Read, Write input 
OE Data Output Enable 


Vcc Power(+5.0V) 
N.C | No Connection 
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ABSOLUTE MAXIMUM RATINGS 


[Parameter ~SSSymbor_—«|~—=SCiRating’ ~~ ~Snits = 
Voltage on Any Pin Relative to Vss Vin, VouT -1to + 7.0 | ov 













< 







Voltage on Vcc Supply Relative to Vss 
Storage Temperature 






Power Dissipation 
Short Circuit Output Current 


* 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functiona! operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS — referenced to Vss, Ta=0 to 70°C) 


Operating Current* 
(RAS and CAS Cycling @trc=min.) 


Standby Current 
(RAS=CAS=WB/W=Vin ) 


RAS-Only Refresh Current* 
(CAS=Vin, RAS Cycling @trc=min.) 


Fast Page Mode Current* 
‘(RAS=ViL, CAS, Address Cycling @tpc=min.) 


Standby Current 
(RAS=CAS=WB/W=Vcc-0.2V) 


‘AS-Before-RAS Refresh Current” 
a 


(RAS and CAS Cycling @trc=min.) 


Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(Vid)=Vcc-0.2V 
Input Low Voltage(Vit)=0.2V CAS=CAS-Before-RAS 
Cycling or 0.2V DQi~DQs4=Don't Care trc=62. suse Ver.) 
1254s(SL-Ver.), tras=tras min~300ns 


ti” 
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KM44C4110A/AL/ALL/ASL-5 

KM44C4110A/AL/ALL/ASL-6 
KM44C4110A/AL/ALL/ASL-7 
KM44C4110A/AL/ALL/ASL-8 


KM44C4110A 
KM44C04110AL 
KM44C4110ALL 
KM44C4110ASL 


KM44C4110A/AL/ALL/ASL-5 
KM44C4110A/AL/ALL/ASL-6 
KM44C4110A/AL/ALL/ASL-7 
KM44C4110A/AL/ALL/ASL-8 


KM44C4110A/AL/ALL/ASL-5 | 
KM44C4110A/AL/ALL/ASL-6 
KM44C4110A/AL/ALL/ASL-7 
KM44C4110A/AL/ALL/ASL-8 


KM44C4110A 
KM44C4110AL 
KM44C4110ALL 
KM44C4110ASL 


KM44C4110A/AL/ALL/ASL-5 
KM44C4110A/AL/ALL/ASL-6 
KM44C4110A/AL/ALL/ASL-7 
KM44C04110A/AL/ALL/ASL-8 


KM44C4110AL 


KM44C4110ASL 








KM44C4110A/AL/ALL/ASL CMOS DRAM 





DC AND OPERATING CHARACTERISTICS (Continued) 


(Recommended operating conditions unless otherwise noted) 


Self Refresh Current 

RAS=CAS=0.2V 
WB/W=0E=A0-A1o=Vcc-0.2V or 0.2V 
W1/DQ1-Wa4/DQ4=Vcc-0.2V, 0.2V or Open - 


KM44C4110ALL 





Input Leakage Current 
(Any input O<Vin <Vcc+0.5V, all other pins not under test=0 volts.) 


Output Leakage Current inc 10 40 
(Data out is disabled, OV<Vout<Vcc) 


Output High Voltage Level (lox=-5mA) 








*NOTE: Icc1, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. In Icca, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE (1a=25°c, vcc=5v, f=1MHz) 








7 






Min 


mbol Min | 
Random read or write cycle time tRC | 90 | 110] 


Read-modify-write cycle time . tawe | 133 155 






foal 


w 


130 150 


| ns | 
15] {ao} | ns | 








= 


nm 
-~ infest Joan ao 
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oO 
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Access time from RAS 


S 
Q 
ho 
So 


Access time from CAS 














= 


Access time from column address 
CAS to output in Low-Z 
Output buffer turn-off delay 








3 
RK 








+ 
jo} 
bal 
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Transition time (rise and fall) tre 
[CAS pusewith | tas | 


CAS to RAS precharge time 
Row address set-up time 
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KM44C4110A/AL/ALL/ASL 


CMOS DRAM 


AC CHARACTERISTICS (Continued) 









Row address hold time 


Column address set-up time 







Column address hold time 
Column address hold time referenced to RAS 
Column address to RAS lead time 
Read command set-up time 

Read command hold time referenced to CAS 
Read command hold time referenced to RAS 
Write command hold time 
Write command hold time referenced to RAS 
Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data set-up time . . 

Data hold time 

Data hold time referenced to RAS 

{Refresh period (Normal) 

Refresh period (Low power & Self Ref.) 
Refresh period (Super Low power) 

Write command set-up time 

CAS to W delay time 

RAS to W delay time 

Column address to W delay time 

CAS set-up time (CAS-before-RAS refresh) 
CAS hold time (CAS-before-RAS refresh) 

RAS to CAS precharge time 

CAS precharge time (C-B-R counter test cycle) 
Access time from CAS precharge 

Fast Page mode cycle time 

_| Fast Page mode read-modify-write cycle time 
CAS precharge time (Fast Page mode) 

| RAS pulse width(Fast Page mode) 

RAS hold time from CAS precharge 

OE access time 

OE to data delay 





Output buffer turn off delay time from OE 
OE command hold time 
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KM44C4110A/AL/ALL/ASL | CMOS DRAM 


AC CHARACTERISTICS (Continued) 


ee en smrsmrsarrsc eed 
| in| Max | Min] Max | in| Max | Min | Max _| 


Miisconmenseptneretmeoid _fiws | vo} fol {wf fof fost 
Write command hold time (Test mode in) |twn | tof = | ao] sf tof 
jtwe | io] [ol | 10) 



















W to RAS precharge time (C-B-R refresh) 






[tos | - 
Wtepertitsetuptime | twas | 0. 
Write selection set-up time | twos | 0. 
Witepertitseecionnodime | won | tof | tof | tof _—| 


TEST MODE CYCLE . (Note.12) 


reams 


[Randomread orwitecycletime | to (| 95] | tts] tas] | te | ns | 
two | 138] | 60] | too | | ato] | ns | 
Access timefomAAS | ww || ss] ||| r5] | a8 ns | 3.4 | 
JAccesstimetomAS | tea || tw] | zo] ||| 25] | a | 
intima wm [ [af sf Tol ol 
RA pulse width te [8] eae) 6am 78. Dam | ee 

CAS puise width 25 | 10,000] 25| 10,000] ns | 


RAS hold time 
CAS hold time 


=a ju 
= = aio => {fo 
oO Oo o};]S Q]1o 
3 °jYR 3 
A in a 
ee ee ee 
ajoa{a 





Column address to RAS lead time 
CAS to W delay time 
RAS to W delay time 

Column address to W delay time 


Fast Page mode cycle time 


Fast Page mode read-modify-write cycle time 


OE command hold time 


ei” | ad 
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KM44C4110A/AL/ALL/ASL 


CMOS DRAM 





NOTES 


1. 


[o?) 


An initial pause of 200us is required after power-up 


followed by any 8 CBR or ROR cycles before ~ 


proper device operation is achieved. 


. ViH(min) and ViL(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 
assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads 


and 100pF. : 


. Operation within the tRcp(max) limit insures that - 


trRac(max) can be met. trcp(max) is specified as a 
reference point only. If trcd is greater than the 
specified tRcp(max) limit, then access time is 
controlled exclusively by tcac. 


. Assumes that tRcD > tRCD (max). 
. tar, twcr, tbHR are referenced to tRaD(max). 
. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to Vou or VoL. 


. twos, tRwp, tcwD and tawD are non restrictive 


operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs> 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo>tcwop(min), tawo> 
tRwo(min). and tawp>tawp(min), then the cycle is a 


10. 


11. 


12 


14. 


15. 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data output is indeterminate. 


. Either tRcH or tRRH must be satisfied for a read 


cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the tRaD(max) limit insures that 
tRac(max) can be met. trap(max) is specified as a 
reference point only. If trap is greater than the 
specified tRaAp(max) limit, then access time is 
controlled by taa. 


. These specifications are applied in the test mode. 
13. 


In test mode read cycle, the value of trac, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

torF(max) and toez(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. 

2048 cycle of burst refresh must be executed 
within 32ms before and after self refresh, in order 
to meet refresh specification. 
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KM44C4110A/AL/ALL/ASL CMOS DRAM 
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TIMING DIAGRAMS 















READ CYCLE 
Vin tRAS tap 
RAS Vit— 
tRSH Ea tore 
a ~—fT7 
CAS Spas 
eee 
wu TRPRRXRRYRXX) BRR Honsenoununonnannn 
w ee RR || KKK) 
ta, 






tH— YYVYYY~{JJJYJY®@WYY&VJYW#Y¥V A A A /)Y/JY/VY” YWVYVWVWYVY~A/,VYYWYWY¥VYJY~{YYWJYW@#YWJVW®WJY®JY(WYIY” 
TE ORISA RKRRCA RRO PSS SSSI SSSI SS SKIS 


tcac torr 
tRAC = 


VoH— \/ 
DQ1-DQ4 ee _—_—————- OPEN (XXX VALID DATA-OUT sf} 











t 
WRITE CYCLE (EARLY WRITE) i ‘ 
tras e 
ae 

pom Viq 

RAS —- 

tore aa ae 
ics f tcas 

ae ee (ay, 


{ash - 4 f-tows 
Vin OOOO?) Fon XY F COLUMN COCO LS 
mv Ro Racerces ROM sooesS OXON 
— 


ee : ; 
Vin — YYYS WP AAA AA e TU av evar avav aver saVavsVavaraVet aevavave’, 
Wa FR OOO ORORRRONR 












P Tea 
[ftw 
=< Vag OT I I UA 
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XX DON’T CARE 
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TIMING DIAGRAMS (continued) 
WRITE CYCLE (OE CONTROLLED WRITE) 


tac 





t 
tras - 


va pt 
AS vy, — tee 
a as 
b> oe dee 
ans eS |/-— a a ee 
CAS yy, — a eee 


- ls = 
2 
®ve RR EI QE Somes ORD) 












= 
WCNC OOOO 
ORY eA SOON 


—— Vn-~ YX ix 
va RRR x 
| toes 


oe Vem OCCC y Y RNY VV 
= oD CN 
twos ton 


'  w,/Da, Va— & Y xy OCCT NC 
reWIDGs vy — ORO Bry ROR ROA vaLiooaTaan KR RRR RRL 


READ-MODIFY-WRITE CYCLE 
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BANS oj ees | 
Vg erie ie ices al 
tone = 
ee aie —— 5 
CAS Vii— tasr ERE: 
se a 
Vin— 
AT RRO acts OK SME) Ho VOCE 
twas! pee 
ww yi & 0 a Hee OR RY 
VS C888 2eRS ROO eee’ Cy, 
TET KOK ne 
twos —s 
fn | 
VRE eee @ 0.4 anvI\ae Ta eae eee ee eee eee TY 
apa, |“ SKK OMT PRR cia at aE DATAIN RXR 
~W./DQ, : 
Vou — 
te _—_ t oAfA-CuT } 


RY DON'T CARE © 
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TIMING DIAGRAMS continued) 
FAST PAGE MODE READ CYCLE 


RAS 


CAS 


DQ 1-DQ, 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


RAS 


W,/DQ, 
~wW,/DQ, 











; trp 
: RASP — rn | 
t 

Vin— RHCR 
Vit— 

tcrP tcrP 
ViH— 
Vit— 











tASR 
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matt — EEE 'RCH 


Vip—- YX 7, TKK KW 
Vit— RY ie a OX 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE READ-MODIFY-WRITE CYCLE 


Vie— tease 
RAS vy, — re 


trsH 


er 








_  Va- 
CAS yy 
Hel 
XXX | CES tse VY ial YWA/ 
: = een id COL Hl on ARRON 
a 
| | tows 
a 
wei ine = 
el i 
OE = 
ie toep a1 
| es i- 
toez toez 
tos 
Vou — wo 
Vor — yi Y 
W,/DQ; ibe 
wW,4/DQ4 ee 


ve Monten ee a a eae a > ORR 


Naa DON'T CARE 
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TIMING DIAGRAMS continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE=Don't Care 









































































RAS ViH— 
Vit— 
Vin— POORER AK RERRA A ARTA AARAARARRA DY 
: Vi RIN ROY 
ae Vie— RAI 
CS CORY 
IH— 
DQ;-DQ, erm () PF A) 
Vit— 
CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: OE, Address = Don’t Care 
tre 
trp 
Se Viq— 
RAS a ——_-. tras: 
Vit— 
tRPC 
é tcp tcsr trec 
CHS Vid ame rf KXXXXXKXXXXXKKK KN 
Vit— PAK IMG IW.V9.0.9,4,8' 
twrRH 
Viq— OORKKAAYV WK KAKA AAAAAAAKARARARARIAI IAA ARAAK AMAA) 
w i RY RK KKK KXAN KK 
torr 2 
papa,  YMOH— \ OPEN 
Viol — 





ean | ae 
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TIMING DIAGRAMS (continued) _ 


2a taces.-= 





HIDDEN REFRESH CYCLE (READ) 
a 


tre 
































tras tre ——| 
J ViH— 
RAS tar — 
Vit— 
tore fs taco tRsH 
pee Viq— 
CAS ViL- trap \\ 
tasc 
tasr 7 tRAH 
VE 9 OV 
wi DAK ERK Sans PRN 
twre-| 
tres tRRH 
= Vin— VAAAYYYVYVVG A - 
“ Vit— YY) ; eee iy 
ae VIH— FORAY 
Tw AMAR RKAMRXKXIN 
DQ1-DQ4 Vou— 





“Vor— 
HIDDEN REFRESH CYCLE (WRITE) 
trc 


tras trp 


Vi — tar 





tRAS trp 





}-_—-tCHR 





XXAXAOXNCKROXKRXMRXXY) 


~~ LWRH 







VAR AMAAANASVV VY AA/Y\A/ 
Bye 


tre 


tras 


a V, 
ce | tour 
aa Vin — 
tasr 
i =r TAF COLUMN KKK KKK RNY 
ve — SARS TRO Sent OO OOOO 
; twes [E =| two - 2 
wee Vin — TYY tw BY 
wow OY eae OOOO OOON 
es Vi — SISNAIAIIIAIIARA TI TTR INTRA ANY 


twou 


_ twos : tox 


Vu — TY y VW AY AW AW AY A OY AY AYA AN AN ANY AW AWAY AY AW AW AU AW AWAY AWAY AV AW AW AVA AWW WAV, 
ne Bi Xdoowr cane 
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TIMING DIAGRAMS (Continued) 


CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE = 
Vin 
RAS Vit — 
tcsr 
Vin 
Vi — 








tr 





es 
Vin —- VARY VV YYVYYVY YN WV ITV iv, VY TY 
READ CYCLE 


ES 
wa ) RR | 
: 1 


| x QOS 
Vv W/V a / AAAALASA/ = 
H—- YVYVYY VY SV\/ VYYS/YVY YY VY BINA \/ V/ 
= ROL _| SOOO 
toiz 





Vii — AAL LVYNINVA 
torr . 


DQ;-DQ, Vow — 


Vor — 





pd __ 














WRITE CYCLE pony fe mi 
Vin — YY ¥ WVA\/\/ WY VV YY VN Y/ VWV/ WV/Y YWYVY AAAARASY YY VY YY 
Viq — rie WII YY | 


READ-MODIFY-WRITE CYCLE 


twes | | twey 


Bae 
pe ee Vin —~— POVVN) TYY YY YN 
eucee OOOO JROQGOGOG | 
eee Silene: 
FF RAO _| 
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m 


YYY YY YY V VY WY VY YY YY YY 
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tawe 
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Vii — N/y 
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wos | | fwou VALID DATA-OUT 
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Vor — WM 
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- TIMING DIAGRAMS (continues) 


TEST MODE IN CYCLE 
NOTE: OE, Address=Don’t Care 


RAS 






Vin— trpc 
Vit— 
tcp tcsR 
fe 7 ‘cur 
es Vin~ 
CAS 
Vit— 
twTH 
Vip— III VVV 
Ww OK KX KX KAM A 
vu ERK) 
torr 
DQ,-Da, VuioH — N 
VoL — 


TEST MODE DESCRIPTION 


The KM44C4110 is the RAM organized 4,194,304 words 
by 4 bit, it is internally organized 1,048,576 words by 16 
bits. In "Test Mode", data are written into 16 sectors in 
parallel and retrieved the same way. Column address bit 
AO and A1 are not used. If, upon reading, four bits on 
one I/O pin are equal (all "1"s or "O"s), the {/O pin in- 
dicates a "1". If they were not equal, the I/O pin would 


VYVYVVWV YVYVYVY 
RRR OAS 


V/V/V YVY 
AYYXY 
XX {\ £\ 


tre 


tras trp 


SRRRRRERRN 
OSAKA 


XXX X 
YY 


’ KKK) 
WY RK 


YX 


AL 


XXX XX XXKKKKKKRKK KK XXX X KX XX 
Beni lesatarrllatatatectater 


OPEN 





EX] oon cane 


indicate a "0". In "Test Mode" the 4Mx4 DRAM can 
be tested as if it were a 1Mx4 DRAM. W, CAS-Before- 
RAS Cycle (Test Mode in Cycle) puts the device into 
"Test Mode". And "CAS-Before-RAS Refresh Cycle” or 
"RAS only Refresh Cycle” puts it back into "Normal 
Mode". The “Test Mode" function reduces test time (1/4 
in cases of N test pattern). 
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PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (SOOMIL) Units: Inches (millimeters) 


0.027 (0.69) 
MIN 














—_— 









0.295 (7.49) 
0.305 (7.75) 
0.260 (6.60) 
0.275 (6.98) 
0.330 (8.38) 





0.012 (0.30) 


0.340 (8.64) 
0.008 (0.20) 























0.670 (17.02) a 0.128 (3.25) 
0.680 (17.27) | 0.145 (3.68) 








0.026(0.66) 
0.032(0.81) 





CY| 0.004(0.1) 
0.050(1.27) 0.015(0.38) | 
TYP 0.021(0.53) 


0.050(1.27) 
MAX 








24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(I!) (SOOMIL, Forward and Reverse Type) 


0.03 (0.80) 













0.298 (7.57) 
0.302 (7.67) 








0.671 (17.04) 
0.679 (17.24) 





0.047 (1.20) 


0.324(8.22) 
0.359 (9.12) 
0.367 (9.32) 





0.039 (1.0) 


0.005 (0.13) 
0.008 (0.20) . 








fay 0.003 (0.08) gal jal 


0.048 (1.22) 0.012 (0.30) 
— 0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 


TYP 








0.016 (0.40) 
0.024 (0.60) 
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PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters) 


0.025(0.64) 
MIN 








0.380(9.65) 
0.430(10.90) 
0.445(11.30) 








0.400(10.16) 
0.360(9.10) 













| 0.008(0.20) 





0.144(3.66) 


MAX 








[A[ecowon | 4h 
0.050(1.27) —| 0.015(0.38) 4 
TYP | 0.021(0.53) 





0.050(1.27) 
MAX 





24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 
0.03 (0.80) 














0.402 (10.21) 
0.459 (11.66) 
0.467 (11.86) 


0.398 (10.11) 
0.423 (10.76) 


0.039 (1.0) 
0.047 (1.20) 


0.005 (0.13) 
0.008 (0.20) 


Geese] OE 
aa 0.048 (1.22) 0.012 (030) | | 
0.052 (1.32) 0.020 (050) 0.037 (0.95) 
; TYP 
0.016 (0.40) | | 
0.024 (0.60) 
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4M x4 Bit CMOS Dynamic RAM with Static Column Mode 


FEATURES 


¢ Performance range: 


po tre | tone | tre 
KM44C4002A/AL/ALL/ASL-5 
KM44C4002A/AL/ALL/ASL-6 | 60ns | 15ns | 110ns_ 
KM44C4002A/AL/ALL/ASL-7 
KM44C4002A/AL/ALL/ASL-8 


¢ Static Column Mode operation 

« Self Refresh Operation (LL-ver, only) 

- CS-before-RAS refresh capability 

- RAS-only and Hidden Refresh capability 

« Fast parallel test mode Capability 

¢ TTL compatible inputs and outputs 

¢ Early write or output enable controlled write 

« Single+5.0V+10% power supply 

« 4096 cycles/64ms refresh (Normal) 

« 4096 cycles/128ms refresh (Low power & Self Ref.) 
* 4096 cycles/256ms refresh (Super Low power. 
¢ JEDEC standard pinout 

* Available in plastic SOJ and TSOPi(II) 































FUNCTIONAL BLOCK DIAGRAM 







pes, 
| ® 


Control 
Clocks 


9) 
7p) 


S| 


130ns 
150ns . 


Ves Generator 


GENERAL DESCRIPTION 


The Samsung KM44C4002A/AL/ALL/ASL is a high 
speed CMOS 4,194,304 bitx 4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM44C4002A/AL/ALL/ASL features Static Column 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM44C4002A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 





Vec 
Vss 

















Refresh Timer 
== 
Refresh Control 
Refresh Counter 
Row Address Buffer 
Col. Address Buffer 







ACAI 








A0~AQ 







Cotumn Decoder 








Memory Array 
4,194,304 » 4 
Cells 











Sense Amps & IO 






Data out 
Buffer 
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PIN CONFIGURATION (Top Views) 


* KM44C4002 AJ/ALJ/ALLJ/ASLJ + KM44C4002 AT/ALT/ALLT/ASLT + KM44C4002 ATR/ALTR/ALLTR/ASLTR 
AK/ALK/ALLK/ASLK AS/ALS/ALLS/ASLS ASR/ALSR/ALLSR/ASLSR 





J: 400MIL T : 400MIL(Forward) TR : 400MIL(Reverse) 
K : 300MIL S : 300MIL(Forward) SR : 300MIL(Reverse) 


Address Inputs 

Data In/Out 

Ground 

Row Address Strobe 








Chip Select input 
Read/Write Input 








Power(+5.0V) 
| 
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ABSOLUTE MAXIMUM RATINGS 


Parameter Symbot—“Ratng —dYCs 
ialags BriNec Sipeh Roane VS 
: 
emiaenommaner ey ee 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation. 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


aa ae a 
Supply Voltage 



















tt 


Storage Oded le 








Ground 


KM44C4002A/AL/ALL/ASL-5 
Operating Current* KM44C4002A/AL/ALL/ASL-6 
(RAS and CS Cycling @trc=min.) KM44C4002A/AL/ALL/ASL-7 

KM44C4002A/AL/ALL/ASL-8 


| KM44C4002A 

Standby Current KM44C4002AL 

(RAS=CS=W=Vin ) KM44C4002ALL 
KM44C4002ASL 


KM44C4002A/AL/ALL/ASL-5 
RAS-Only Refresh Current* KM44C4002A/AL/ALL/ASL-6 
(CS=ViH, RAS Cycling @trc=min.) KM44C4002A/AL/ALL/ASL-7 
KM44C4002A/AL/ALL/ASL-8 


KM44C4002A/AL/ALL/ASL-5 
Fast Page Mode Current* KM44C4002A/AL/ALL/ASL-6 
(RAS=Vit, CS, Address Cycling @tpc=min.) KM44C4002A/AL/ALL/ASL-7 
KM44C4002A/AL/ALL/ASL-8 


KM44C4002A 

. KM44C4002AL 
KM44C40 02ALL 
KM44C4002ASL 


; KM44C4002A/AUV/ALL/ASL-5 

CS-Before-RAS Refresh Current’ KM44C4002A/AL/ALL/ASL-6 
(RAS and CS Cycling @trc=min.) KM44C4002A/AL/ALL/ASL-7 
KM44C4002A/AL/ALL/ASL-8 





Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(Vin)=Vcc-0.2V 
Input Low Voltage(Vi)=0.2V CS=CS-Before-RAS 

Cycling or 0.2V DQ1~DQ4=Don't Care trc=31.25ps(L-Ver) 
62.5us(SL-Ver)}, tras =tras min~300ns 
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DC AND OPERATING CHARACTERISTICS (Continued) 


(Recommended operating conditions unless otherwise noted) 


rs 


Self Refresh Current j . 
KM44C4002ALL Iccs 300 uA 


RAS=CS=0.2V 
W=OE=Ao-A11=Vcc-0.2V or 0.2V 
DQ1-DQ4=Vcc-0.2V, 0.2V or Open 
Input Leakage Current mn 10 40 A 
(Any input 0<Vin <Vcc+0.5y, all other pins not under test=0 volts.) B 
Output Leakage Current 
(Data out is disabled, OV<Vout<Vcc) HA 
Output High Voltage Level (loH#=-5mA) | vow | 24] - | V 
Output Low Voltage Level (loL=4.2mA) | vo | - | 04 | V 
*NOTE: Icc1, Iccs, Icc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. In Icc4, Address can be changed maximum once within one Static Column cycle. 


CAPACITANCE (Ta=25°C, Vec=5\, f=1MHz) | 
a 


Input Capacitance (Ao~A11) 
Input Capacitance (RAS, CS, W, OE) 
Input Capacitance (DQ1~DQa) 


aoe 
[ min| Max | in| Max | Min} Max | Min| Max. | 
leaps 


Random read or write cycle time | tac | 90 
Read-modify-write cycle time tawe | 133 
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Access time from RAS 





Access time from CS 

Access time from column address 
CS to output in Low-Z 

Output buffer turn-off delay 
Transition time (rise and fall) 

RAS precharge time 

RAS pulse width | 

RAS hold time 

CS hold time 

CS pulse width 

RAS to CS delay time 

RAS to column address delay time 
CS to RAS precharge time 


Row address set-up time 
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AC CHARACTERISTICS (Continued) 
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Data hold time 
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Data hold time referenced to RAS 
Refresh period (Normal) 
Refresh period (Low power & Self Ref.) 


= 
ie] 
Co 
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Nh 


Refresh period (Super Low power) 


ao ao 
Za |3 g 
8 a 


Write command set-up time 


RAS to W delay time 
. {Column address to W delay time 
CS set-up time (CS-before-RAS refresh) 
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CS to W delay time 
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AC CHARACTERISTICS (Continueg) 


Write command inactive time 
RAS hold time referenced to OE 
Write address hold time referenced to RAS 
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OE to data delay 


Output buffer turn off delay time from OE 


£ command hold time 


Write command set-up time (Test mode in) 


RA 
OE 
Write command hold time (Test mode in) 


Wto RAS precharge time (C-B-R refresh) 


| Wto RAS hold time (C-B-R refresh) 
RAS pulse width (C-B-R self refresh) 


RAS precharge time (C-B-R self refresh) 
CS hold time (C-B-R self refresh) tCHS 
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TEST MODE CYCLE (Note.12) 


7 
Parameter 


Access time from RAS 
Access time from CS 
A 


Random read or write cycle-time 
Read-modify-write cycle time 

ccess time from column address . 
Column address to W delay time 





Units | Notes 
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Static column mode cycle time 
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NOTES 


1. 


NOOO 


An initial pause of 200us is required after power-up 
followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


. ViH(min) and Vi_(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and Vit(max) are 
assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads 


and 100pF. 


. Operation within the trcp(max) limit insures that © 


tRac(max) can be met. trcp(max) is specified as a 
reference point only. If tacp is greater than the 
specified trcp(max) limit, then access time is 
controlled exclusively by tcac. 


. Assumes that tRcb >trRcb (max). 
. tar, twcR, toHR are referenced to trap(max). 
. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to VoH or VOL. 


. twcs, trwo, tcwp and tawp are non restrictive 


operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs> 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo>tcwo(min), tawo> 
trRwp(min) and tawp>tawop(min), then the cycle is a 


10. 


11. 


12. 
13. 


14. 


15. 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data output is indeterminate. 


. Either tRCH or taRH must be satisfied for a read 


cycle. 

These parameters are referenced to the CS leading 
edge in early write cycles and to the W leading 
edge in read-write cycles. 

Operation within the trap(max) limit insures that 
trac(max) can be met. tRaD(max) is specified as a 
reference point only. If tRap is greater than the 
specified trap(max) limit, then access time is 
controlled by taa. 

These specifications are applied in the test mode. 
In test mode read cycle, the value of tRAc, tAA; tCAc 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. , 
torFF(max) and toEz(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. 

4096 cycle of. burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 
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KM44C4002A/AL/ALL/ASL | _ CMOS DRAM 





TIMING DIAGRAMS 





READ CYCLE 
tac 
tre 
— ViH— 
RAS Pits 
iL | tcrP- 
Ree, ViH— \ \ 
= ee a im 
tar 
gee — a = 


| 
Vin RYRYAXY) 1. \\) 
| | a {tro 
HT EL 
Yoa'g 






= Vin SAARI OIIAATIAA TY VYVYVVVVVYVY VV/ 

Wa CARY ie ANY 
ft 

pane ViH— VI VVASAAAS VAL VV VV AASV 

SE CAA 


MAAS VV VV VV VV VVVV 
PRIA irnnccnnrcnnnnnnns 


tcac toFF 
cae ae 


VoH— AG 
DQ}-DQ ix XXX VALID DATA 
ea Vot— WW 


tc.z 


KY) DON’T CARE 
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KM44C4002A/AL/ALL/ASL CMOS DRAM 





TIMING DIAGRAMS continueg) 
WRITE CYCLE (EARLY WRITE) 











‘oe tro 
tna tre 
an Vin— --———— tawr 
Vir— | 
+——_—_—_————— tcsH - tcrP 
tcrP 
== Vin— tes } = 
cs t 
Vii- Peeve 








tasr tRAH ee 4 
y, Ly vay am WIVVV WIV) 
mn AR Macoress RAK coum aooness WII) 


f\ 







| 
Vin— WIYVIWVVALAAVA YI VA JS /I PJ VVVVYV YVVVVVYVVV 
Ve | BRK 
ae cee Pe 
eae fey 
esi 


aon Vin— VYVVVVVVVVVVVJYYVVY ¥Y YVYVVYVVVVVVAASA/VVVV “4¥a¥a¥a"a"s¥a¥a’a¥aa¥aVa¥ava’ay, 
OF Vie TO RRR 


=| 


DBPAAAAAANAAAAAAAA LY ZX TAAAA A 


toHR | 
tos eS 
Wigs || 


ar ieee, a ae ( VALID DATA-IN OPEN 


WRITE CYCLE (OE CONTROLLED WRITE) 
[ - tre 
i tras trp 





























AS 
tcrp 
— ViH— 
cs Wis 
tasR 
Vie YYKX IYNYVVY OOXXAAKKYS 
vim ROOM aooness AIK sooness OO) 
co 
_ Vit- SVYVY = . rere 0 REYVXXNXIVYVVVVXAAAAKA RK 
Wu AAA AXA AXXXX XAAXXKY AAAS 
toeH 
OE Vin~ WRAY AAA OOK 
o il OA AY NY XA MAXX YY) x) 
tDH 
Vin— , Wry 2 va Ata A Ae A PATAT 0006666,9,0,9,9,9. 
Paro vn OE onan _AYXAAXIXX NAA XAX 


Nt DON’T CARE 
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KM44C4002A/AL/ALL/ASL | CMOS DRAM 





TIMING DIAGRAMS (continueg) 
READ-WRITE/READ-MODIFY-WRITE CYCLE 

















trwc— : 
RP 
i a ae me as 
——« ~VIH— Rr ee Oe a aida ae tet 
RAS i tRAL 
Vit— . 
baer - —— tCSH 
tcrp ; ‘ ; tcrP 
; | RCD —'RSH peas 
Sue ViH— RXXK tcs 
cs Vi t— OX XX) ARAD i 
tasr t 
RAH 





Vix 


«RE BBMcces Moos acones ARE 
































-—— teowo —_—____—} a 
— Pe trcs trwo — [= tRWe 
Ww 1 RRR TRY i TT ‘we 
se Wi TRRYRRTRRRRARKRR ARON i Re KKK) 
OE Vit— ii won OXKXXXX) WY XX) AW ieee lates | \ YY X) 
| Ae tcac = 


Vo al VALID VALID XXX KKKYYYYYYVAA) 
01004 Wig, — aN XY Sins ONOGGs 


STATIC COLUMN MODE READ CYCLE 















































tRasc pics| 
Se ViH 
RAS Vi— 
ViH— WYYX) UMN COLUMN COLUMN 
A ven Ra] as F ADDRESS PRXAND =—s | 
2 et 
H 
oe ViH— 
cs Vis tRRH 
= Vin— YY) YX) NX XX 
Ww ype x ents OY 104 Wy 
tROH 
= CY WX UK XX \/ 
ce BRR BE ARO RR 
toEA toez 
tcac 
torr 
; taa 
Poeereeeeercaee : 
. hy x) 5 : 
noms OEE) 








teiz “ teuz 
DON’T CARE 
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KM44C4002A/AL/ALL/ASL_ CMOS DRAM 


TIMING DIAGRAMS 6(continueq) = 
STATIC COLUMN MODE WRITE CYCLE (W controlled early write) _ 































































ip tRasc — trp 
RAS 2 
I= 
}-»——- trRaD tRAL 
tia RAH tasc iene : {CAH 
Vin— YVV) -— ROW “VAXXX) ane XXY)A COLUMN WYYX)\F COLUMN LAXYXXXX XXX X) 
A vic SRE anoness MRK YM ADORESS MANX aDoReSS ARAM ADDRESS RON YKNKXXRD 
eRe aoa eel 
— trep L 
— Vin— A FAN YA AZ YYW : RY YY VY KKK eX 
Se eon AXA AXXO 
| ' twes — trawl ——— 
ew 
y Vit— twi Lg 
_— VIH— (AXKARKAAKARKARAAY s"a"aravevavavavavavavavereerereeeravavavavaravavarararararavalaravararavavararealserera’s 
oT COATQALO ALON OOOH iLOiQrcereled cect Cr er iaree erceecaradrorrcoaroareatorting 
i tbHR 
tos 
Viue— AKAAAAAAAAAAA AAA) 
POD i SOK 











































trp 

eae Vip— 
RAS Geis 

vn BERNE en KKK) 
. Vit— Wh aconess fi OOOA XYYXXX) 

tawR 
tRaD 

tS ViH— 

Vit— 
“7; ViH— twp yy \ twcs 

Vit— AYY\ _|| 


i 
ae Viy— YOU Vata Wavat aa Waval ava VaVavaValaalaW al, ATV ITA AA AAA APAAAA AASV 
OE NULOANNNtrCNneNVnseninernirneVrneUsMniMnncnceanirMnencecnnnnlilatalan 


Vit— 


tos 





= 
Vin— XXX XXKKK MXXX — XXX) VALID rr = arene XXXKX KX 
Pardar vi YY {bara XY Dara J WYYY (cara) OOOO OOO 


RO DON’T CARE 
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CMOS DRAM 





TIMING DIAGRAMS (Continued) 























































STATIC COLUMN MODE READ-MODIFY-WRITE CYCLE tap —- 
RAS Vin— . - trasc 7 
Vit— 
tasr Ba 
+ wo RTE AYE sean nooee RN como RRRIED 
ca ; 
cs Viq— 7 
Vit— ae 
t 
2 ae 
Ww Vin— KAM YY YX RAVV XY YY 
7 oo Sa TT _/ \_ ADEN 
caer ed pia iwe 
hes Vin— WW VaVAVAVAVAVATAY 
SNCS a} | toe 
ee ealll 
RAC 
- LEX AL L v A AAA AAAAAAAAAZ 
oa EHH = O-Oe K= ED 
toiz 
STATIC COLUMN MODE MIXED CYCLE 
ee Viq— 
RAS ae 
trcD se 
= Viq— . tcsc aan 
es Vi- \ 
at =e 
Vin has yy) r COLUMN ~} VV \¥ COLUMN RX YY COLUMN OA KAA) 
A vi- WM aobress AVM omnes KX sponess XM sooness — RAXYYY) 
Vip— vi mice I 
a TYVMAAVYY > VV r 
wwe ATION || ARNG 
twcr 
; taLw x 
a HHA 
toHR P| 
i [oi ‘aD AVY a FATANAY,Y 
RurUGe ViioH — Wy ee 1 {\ NNN Wy Dour Dov) fw AX 
WRITE READ READ WRITE | 


RY DON’T CARE 
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KM44C4002A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (Continued) 
RAS-ONLY REFRESH CYCLE 



















NOTE: W, OE = Don't Care ‘ies 
tras trp 
ee Vin— 
RAS Vic } 
cae 
i- Vip—- J/VUWAF¥ PAT 
cs Vir— WY YY 
ee 
Vip— ANAK AA) III VV AAA IVI 

vam QAR noone AX NNN RRR RRA) 
CS-BEFORE-RAS REFRESH CYCLE 
NOTE: W, OE, A=Don’t Care 

tre 
trp tRAS trp. 
__. Viq— 
RAS Wire 
trpc 
tcsr 
= Vin YY YY KV XXX XY 
os ie ASSN 
torr 
DQ1-DQ,4 one OPEN 


wa DON’T CARE 
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KM44C4002A/AL/ALL/ASL MOS DRAM 


TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 








|- tras trp -—tras trp 


{CHR —— terp 
as ViH— ; 
Vii— 
: Vin— YF apa A} = 09 


— Vit 


Vi 














vee 01 Ec ala AN ss AXE 
¥ oa siee —_ Fe aren Mi RRR 
am 00000004000 1080 HAN ANUAUNaii 


torr 





: sj [poe trac ag 
OH— : 
DQ1-DQ, AY VALID DATA-OUT ) 
Vot— AZ] ; 


HIDDEN REFRESH CYCLE (WRITE) 




















ne tcrp a tcHR tcre 
cs trap 

- Vim an i 
~ | Ws a y = XMM AX AX AAKAXAXYY 

Vin— Le vaVa¥avava¥,y 
wo — ae —— XOXO Lace ine 
oe RORY I WRK XK ON ARN) 
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KM44C4002A/AL/ALL/ASL = CMOS DRAM 





TIMING DIAGRAMS (Continued) 
CS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 



























































— tRAS - 3 tRP 
— Vip— 
RAS vis 
tose --—tCHR— teprp—|] /-- .--- tas —_— 
=a Viq— = PSe cocetlesssaa4 See _ ail 
cs Ge | 
READ CYCLE tRAL + —4 taH 
A/T" Dealt A¥ A VAVAYAVAVAVAVAVAV.VAVAVAVAVAVAVAVAVAV.WAY 4 
A OOOOSOSOIOA AL Sou aooness 
— 06 ARNT er 
” ViL—- XXX XXX OAK XXX XA AY ; —{CAc a eee ‘ (X XX 
—-7+—tAA ‘ Py 1RCH 
= Vip— “a7A¥a¥a’a¥a"a’a’aa¥ala¥a¥a¥.¥a'a'a’a¥a'e’ava’a'a¥a¥ava¥a¥a¥avay Wi toEA PRNVYYV UV ANY VY 
FE IRA PSSA KAN KKY 
t 
tcLz | H ce 
DaDQ,  YOH™ iY VALID DATA-OUT \— 
Vot— ) 
WRITE CYCLE a tcaH 
ViH— TYYYVVUVV YY VV UV AAA ONY Y YY VV VV VV VV VY VV 
ac KX SORES DRAKA KKRKIR 
twos twcoH _ 
oe. Vin— XK XXAA) UXXK KKK YYXXKKKKKKK 2 he XYXXKX KKK AAAS VAXXAAXKAKAXX AK 
w Vit— (XX OX 9.00,s, POOOM YY YALA xX 
eae’ Vip— VV VV YVVVYVVY Y Y VY VY VVVVY VW VV VA VV Y VV VV VV VIVVVY VX YX ¥ YVV VV VV VVVVJ/VY 
ie KORO ONAN SAND 
tos ia | 
cone, Yt orm {warren} 
READ-MODIFY-WRITE CYCLE tcAH 
Vig— TOTTI TU a “my, WOCOE O80 6.0:0.0'6'0'4: 
vn ROR cot aooness I RAXXYXXAXXAK 
my MP ERYYRYKKARARKY) 
7 ViH— "IUVYYVVNUVVYY VV VV VT OTVYVUVY X ¥ yVY 
Wim SAO Eo — AL AX YANY 
CWL 
p~—-tRWL—— 
_ ViH— FOVV VV Very “Aa ae OAs @ b AYATATA'AATA’ 
= Viir— JAYYVVV'\ 
VuoH— 
DQ1-DQ4 


VuoL— 


Ry DON’T CARE 
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KM44C4002A/AL/ALL/ASL 


TIMING DIAGRAMS 6 continuea) 


TEST MODE IN CYCLE 
Note: OE, Address: Don't Care 








ron Vig — 
RAS ese ; 
RPC 
top 
et tcsr 
fxs Vin oe 
Vi — 
= Vid — PIII AI Vr 
W XX) 
1. — RORY 
torr 
Vou —~ 
DQ-Da ) 
oOo. ~ 


TEST MODE DESCRIPTION 


The KM44C4002 is the RAM organized 4,194,304 
words by 4 bit, it is internally organized 1,048,576 words 
by 16 bits. In “Test Mode”, data are written into 16 
sectors in parallel and retrieved the same way. 
Column address bit Ao, A1, are not used. If, upon read- 
ing, 16 bits are equal {all “1” or “O”s) the Q pin indi- 
cates a “1”. 

If they were not equal, the Q pin would indicate a “QO”. 





tre 


tour 


LEK 


DAALDARDAADABDADSD LVNZN 


OPEN 


ed DON'T CARE 


In “Test Mode”, the 16M DRAM can be tested as if it 


“were a 1Mx 4 DRAM. W, CS-BEFORE-RAS Cycle (Test 


Mode in Cycle) puts the device into “Test Mode”. And 
GS-BEFORE-RAS REFRESH CYCLE “or” RAS-only 
Refresh Cycle” puts it back into.‘‘Normal Mode”. The 
“Test Mode” function reduces test time (1/4 in cases 
of N test pattern). . 
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KM44C4002A/AL/ALL/ASL CMOS DRAM 





PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) | Units: Inches (millimeters) 


0.027 (0.69) 
MIN 























295 (7.49) 

305 (7.75) 
0.260 (6.60) 
0.275 (6.98) 
0.330 (8.38) 
0.340 (8.64) 
0.012 (0.30) 


0.008 (0.20) 





~— 














0.128 (3.25) 
0.145 (3.68) 


0.670 (17.02) i 
0.680 (17.27) 











CG} 0.004(0.1) 
. pore 
TYP 














0.050(1.27) 
MAX 





24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(tI) (S0OMIL, Forward and Reverse Type) 


0.03 (0.80) 


TYP 
: 















0.298 (7.57) _ 
0.302 (7.67) 
0.367 (9.32) 


0.324(8.22) 
TYP 
0.359 (9.12) 





: 
















al& 
0.671 (17.04) = = 
0.679 (17.24) 6/3 
Slo 0.005 (0.13) 


0.008 (0.20) 





Bhoree) COAAAA IAA | 
= 0.048 (1.22) 0.012 oor020 30) oorzo)| , 
0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 
TYP 


0.016 (0.40) B | 
0.024 (060) 
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KM44C4002A/AL/ALL/ASL CMOS DRAM 





PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters) 


7 | 0.025(0.64) 
MIN 






0.430(10.90) 
0.445(11.30) 


0.380(9.65) 








0.400(10.16) 
0.360(9.10) 
: 0.008(0.20) 


= 


0.144(3.66) | 
MAX 

















la 0.004(0.1) | 
0.050(1.27) 0.015(0.38) i | 0.026(0.66) 
TYP 0.021(0.53) 0.032(0.81) 








24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 


0.03 (0.80) 












a> 2) 
=|" 8\8 
a=) ee 
har hae Ar had 
3/8 8 | 
Qs tlt 
o/o ols 


0.039 (1.0) 
0.047 (1.20) 


0.005 (0.13) 
0.008 (0.20) 








Afonso] © ig 
_ | 0.048 (1.22) 0.012 (0.30) | | ; 
0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 


0.016 (0.40) L | 
0.024 (0.60) 
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CMOS DRAM 





4M x4 Bit CMOS Dynamic RAM with Static Column Mode 


FEATURES 


¢ Performance range: - 


Petra | tone | 
KM44C4102A/AL/ALL/ASL-5 | sons | 13ns | 90ns | 
KM44C4102A/AL/ALL/ASL-6 | 6ons | 15ns | 110ns | 


KM44C4102A/AL/ALL/ASL-7 
KM44C4102A/AL/ALL/ASL-8 | adns | 20ns | 150ns | 





° Self Refresh Operation (LL-ver. only) 

« Static Column Mode operation 

¢ CS-before-RAS refresh capability 

« RAS-only and Hidden Refresh capability 

¢ Fast parallel test mode Capability 

¢ TTL compatible inputs and outputs 

¢ Early write or output enable controlled write 

* Single+5.0V+ 10% power supply 

¢ 2048 cycies/32ms refresh (Normal) 

¢ 2048 cycles/128ms refresh (Low power & Self Ref.) 
* 2048 cycles/256ms refresh (Super Low power) 
¢ JEDEC standard pinout 

¢ Available in plastic SOU and TSOP(II) 


FUNCTIONAL BLOCK DIAGRAM 









Control 
Clocks. 







<| al | 


Refresh Timer 


pew 
=- 


Ao~Aio 


Vcc 
; Vss 
VBB Generator 










Column Decoder 


GENERAL DESCRIPTION 


The Samsung KM44C4102A/AL/ALL/ASL is a high 
speed CMOS 4,194,304 bitx 4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM44C4102A/AL/ALL/ASL features Static Column 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM44C4102A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 









Data in 
Buffer 

















Q 
08 DQi 
Memory Array Q to 
4,194,304x4 & B DQ 
Cells | o 
n 
c 
o 
oa 
OE 
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KM44C4102A/AL/ALL/ASL CMOS DRAM 





PIN CONFIGURATION (top views) 


* KM44C4102 AJ/ALJ/ALLJ/ASLJ = - KM44C4102 AT/ALT/ALLT/ASLT + KM44C4102 ATR/ALTR/ALLTR/ASLTR 


AK/ALK/ALLK/ASLK AS/ALS/ALLS/ASLS ASR/ALSR/ALLSR/ASLSR 
Vss Vss 
DQ4 DQ4 
DQ3 DQ3 
cS CS 
N.C N.C 
Ag Ag 
Ag Ag 
Az A? 
Ae Aé6 
A5 As 





J: 400MIL T : 400MIL(Forward) TR : 400MIL(Reverse) 
K : 300MIL . S: 300MIL(Forward) SR : 300MIL(Reverse) 






Fin ame | PinFuntion | 
[bors [baat 
C 














Data Output Enable 


Power(+5.0V) 


Read/Write Input 
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KM44C4102A/AL/ALL/ASL CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS 


eo 
Voltage on Any Pin Relative to Vss | vn,Voor | ttos70—=—| ll 
Voltage on Vcc Supply Relative to Vss 
[ PowerDisiation —Ss~=~“~*‘“‘dtSC*~“‘i OCS 
F Short Circuit Output Curent «Ss YS SC*dYCSm Cd 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


ener Tomas [on Tne mn ot 
ACerS RE a 
ipitiswvategs | ww | ae [=| om | v | 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 


Parameter 







° 











<}<i< 





< 


KM44C4102A/AL/ALL/ASL-5 

Operating Current* KM44C4102A/AL/ALL/ASL-6 
(RAS and CS Cycling @trc=min. ) KM44C4102A/AL/ALL/ASL-7 
KM44C4102A/AL/ALL/ASL-8 


KM44C4102A 
Standby Current KM44C4102AL 
(RAS=CS=W=Vix ) KM44C4102ALL 

KM44C4102ASL 


KM44C4102A/AL/ALL/ASL-5 
RAS-Only Refresh Current* KM44C4102A/AL/ALL/ASL-6 
(CS=Vin, RAS Cycling @trc=min.) KM44C4102A/AL/ALL/ASL-7 
KM44C4102A/AL/ALL/ASL-8 


KM44C4102A/AL/ALL/ASL-5 
Fast Page Mode Current* KM44C4102A/AL/ALL/ASL-6 


(RAS=Vit, CS, Address Cycling @trc=min,) KM44C4102A/AL/ALL/ASL-7 
KM44C4102A/AL/ALL/ASL-8 


| KM44C4102A 

Standby Current KM44C4102AL 

(RAS=CS=W=Vcc-0.2V) KM44C4102ALL 
KM44C4102ASL 


KM44C4102A/AL/ALL/ASL-5 
CS-Before-RAS Refresh Current* . KM44C4102A/AL/ALL/ASL-6 
(RAS and CS Cycling @trc=min.) KM44C4102A/AL/ALL/ASL-7 

KM44C4102A/AL/ALL/ASL-8 


Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(Vin)=Vcc-0.2V 
Input Low Voltage(ViL)=0.2V CS=CS-Before-RAS 

Cycling or 0.2V DQ1~DQ4=Don't Care tac=62.5us(L-Ver) 
125¢s(SL-Ver), tras=tras min~300ns 


am | oe 
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KM44C4102A/AL/ALL/ASL CMOS DRAM 





DC AND OPERATING CHARACTERISTICS (continued) 












(Recommended operating conditions unless otherwise noted) : 
ee _ semen 
Self Refresh Current 
W.OE-Ae-ArocVo0-0.2V or 0.2V mmc | ow |= | ee 
DQi1-DQ4=Vcc-0.2V, 0.2V or Open 
Input Leakage Current Pou | wo |v 
(Any input O0<Vin <Vcc+0.5y, all other pins not under test=0 volts.) 
Output High Voltage Level (lo#=-5mA) 
Output Low Voltage Level (lo.=4.2mA) 


*NOTE: Icct, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=ViL. In Icc4, Address can be changed maximum once within one Static Column cycle. 


CAPACITANCE (1a=25°c) 


ee 


| rput Cepactance (0-00) Sin | 


AC CHARACTERISTICS o°c<ta<70°C, Vec=5.0V+10%, See notes 1,2) 


a Pet al a mm 


Random read or write cycle time Fito] =f 130/50 | 150{ 

Read-modify-write cycle time Eee 
Access time from RAS | trac | | 50 | | a0] ns | 3,411 | 
Access time from CS ~ 20 | ons | 3,45 | 
Access time from column address 
CS to output in Low-Z | ns | 3 | 


Output buffer turn-off delay 


























ae 


Transition time (rise and fall) 







RAS precharge time 
RAS pulse width 
RAS hold time 
CS hold time 
CS pulse width 


RAS toCSdelaytime — 


RAS to column address delay time 
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CS to RAS precharge time 
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Row address set-up time 


PSimsuNgg = 


ELECTRONICS 








KM44C4102A/AL/ALL/ASL CMOS DRAM 





AC CHARACTERISTICS (Continued) 


ee eel le eee 
ovetiesracine iw | of [ol Po] | ol fm | 
Column address set-up time fuss} of | o| 


Column address hold time {CAH 











Column address hold time referenced to RAS 


Column address to RAS lead time 
Read command set-up time 


Read command hold time referenced to CS 





Read command hold time referenced to RAS 


Write command hold time 







Write command hold time referenced to RAS 






Write command pulse width 





Write command to RAS lead time 
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Write command to CS lead time 





Dataset-up time 
Data hold time 
Data hold time referenced. to RAS 








Refresh period (Normal) 


Refresh period (Low power & Self Ref.) t 


Refresh period (Super Low power) 
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Write command set-up time 
CS to W delay time 
RAS to W delay time 
Column address to W delay time 

CS set-up time (CS-before-RAS refresh) 
CS hold time (CS-before-RAS refresh) 
RAS to CS precharge time 
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CS precharge time (C-B-R counter test cycle) 
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Static column mode cycle time 


Static column mode read-write cycle time tsRWwC 
Access time from last write 


[80 | 
i 
Output data hold time from column address | toon | 5 
id 
[50 


Output data enable time from W 


RAS pulse width (Static column mode) tRASC 200000 200000 20000! 200000 
CS pulse width (Static column mode) toso 200000] 15 | 200000| 20 | 20000 200000 


CS precharge time (Static column mode) l toe | 10f | 
Column address hold time referenced to RAS rising fw | 5{ | 
Last write to column address delay time tLWAD two ao 


Last write to column address hold time 
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AC CHARACTERISTICS (Continued) 


: I 
Write command inactive time 
RAS hold time referenced to OE tROH 
Write address hold time referenced to RAS. 


_|OE to data delay 


Output buffer turn off delay time from OE 
OE command hold time a 


Write command set-up time (Test mode in) 
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Write command hold time (Test mode in) 
Wto RAS precharge time (C-B-R refresh) 
W to RAS hold time (C-B-R refresh) 

RAS pulse width (C-B-R self refresh) t 
RAS precharge time (C-B-R self refresh) 


TESTMODECYCLE (Note.12) 
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Parameter Symbol 


Random read orwitecyciotme | two (| 5 | | ats] | a5] | 85] 
| Read-mociy-wite cyte time | two | 140} | 160] | tao] ato] 


Access time from RAS 


Units | Notes 
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Access time from CS 


Access time from column address 


RAS pulse width ; 
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Column address to RAS lead time 
CS to W delay time 

RAS to W delay time 

Column address to W delay time 
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Static column mode cycle time 


Static column mode read-write cycle time 


RAS pulse width (Static column mode) 
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Access time from last write 
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NOTES 


1 


fo>) 


. An initial pause of 200s is required after. power-up 


followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


. ViH(min) and ViL(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between Vik(min) and ViL(max) are 
assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads 


and 100pF. 


. Operation within the trco(max) limit insures that 


tRac(max) can be met. tRcp(max) is specified as a 
reference point only. If tacb is greater than the 
specified trco(max) limit, then access time is 
controlled exclusively by tcac. 


. Assumes that trcbp >trcb (max). 
. tar, twcr, tbHR are referenced. to traD(max). 
. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to VoH or VOL. 


. twcs, trwDd, tcwbd and taAwpd are non restrictive 


operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs> 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo>tcwo(min), trwD> 
tRwo(min) and tawD>tawp(min), then the cycle is a 


10. 


11 


12. 
13. 


14. 


15. 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data output is indeterminate. 


. Either tRcH or tRRH must be satisfied for a read 


cycle. __ 

These parameters are referenced to the CS leading 
edge in early write cycles and to the W leading 
edge in read-write cycles. 


. Operation within the trap(max) limit insures that 


tRAc(max) can be met. tRap(max) is specified as a 
reference point only. If trap is greater than the 
specified tRap(max) limit, then access time is 
controlled by taa. 

These specifications are applied in the test mode. 
In test mode read cycle, the value of trac, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 


.cycles by adding the above value to the specified 


value in this data sheet. 

torF(max) and toEz(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. 

2048 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 





<I 


ELECTRONICS 


683 





KM44C4102A/AL/ALL/ASL a CMOS DRAM 





TIMING DIAGRAMS 








READ CYCLE 
tac 
trp 
b= Vin— 
RAS Vit— eae 
pat ViH— 
cs Vi= 





hes ; ima 

r__ tar 
Seo sa pics ban [rece 

Vin— RAYOVYVO ROW ¥,\ V 

Re) eS, CT a 
: a = 

=", | 






7 Vin— SERA IIIRARIOKAYS INI IV IUVYUVV VV 

W va SS | 1 | RAYA 
ae 

ans Vip— V/V/V AS/V/V/JV VV VV MAI VVVYVVVV VV VV VV AV VV 

FF RRA BY 


tcac torr 
a ee 
VoH— CA A) 
DQy-DQ AX XXX VALID DATA 
: : VoL— MW 


fe tceLz 


KY] DON’T CARE 
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KM44C4102A/AL/ALL/ASL CMOS DRAM 





TIMING DIAGRAMS (Continued) 
WRITE CYCLE (EARLY WRITE) 


RAS 


S| 


DQ+-DQ4 


MH RRR KKK Pe 
vi- Q NNN 











Vin— 
Vit— 

















peeninc 
i 
tcrP 
trop ' tRSH | 


Viq— 


Vit— t~=— tRAD 
tasc 


tasr : tRAH 


i 
Vip— AAA v, 
vn KWAK rconesspRy 











XY RY) 






YI JV V/ LAL LS VSPA 
BRR 











Vit— \A vXX XX AAX - 
twor 
tow 
Vie— WYYYVYVVVVVVVYV YY YY VV YY VV AA OV YOY VV 
vie SOR RA KR 
tos. = | 
ae 





Vin— 
ViL= U VALID DATA-IN J OPEN 


WRITE CYCLE (OE CONTROLLED WRITE) 


RAS 


=| 


DQ1-DQ4 





t— trc 





bm tRAS trp 


Vip— 
Vit— 








ieap tcsH 
trop tRSH el tcrP 
Vit— 











Viv = an “ TOKIAKKX AV 
—~ f{X¥X KKK ROW COLUMN X XXX 
Viu— XXX XY | scones) OXY) fe Siopaees AXXO KAY ) 





= — 
vi XXX XXX AXXO 


toEH 
es) 
Vip—- WY} rx ry XXX XXX rXYXYYVYY YX AMVVYYY 
i CRON NNCOMONNN ON 
tbH 
Vin— ROVY . PETES ye UYYYVKKARAAL) 
“ee YE, onrasns A XXAXA AMX 


‘ [I DON'T CARE. 
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TIMING DIAGRAMS continued) 


READ-WRITE/READ-MODIFY-WRITE CYCLE 


aS. Vin— 
RAS Ve 
a Vip— 
cs Vit— 
‘Z Vie 
Vit— 
ee Vip— 
ne Vit— 
a ViH— 
Vit— 

ViiOH — | 
Be Oe Wigy 















































trwc 
tRAS did 
tRAL 
- i ae tesH = ~| | tore 
—— RCD + — —tRSH mE 
XY " = | 
XX KK) trap 
sad tRAH pean tCAH 
OOM rooness cot ADoRess YAY) 
t 2 t fal 
p-—}-— en Ree a aa ia aes 
ne 608 64 A AVAVATATA’ _t 70.9000,00'060' 
OXON Epa RRR 
toca ; 

VVYVV/VV V/V YVAA/Y YVY VVVV VN A Ke VAAN XY YY 
aoe, ARR 
— ala ued tou 

4 YYVYVYVVVA/V/VAAX) 
EES | RT NUNN 





STATIC COLUMN MODE READ CYCLE 


RAS 


S| 


DQ1-DQ4 


Vip— 
Vit— 


ViH— 


Vit— 


ViH— 
Vii 


ViH— 
Vit— 


ViK— 
Vit— 


tasR 


—tRAD tcrp-— 
tar t—~— tcp p——— trsH 
Lea tee +~— tosc fa 
ITE “ore YY 
XXXXXXXX YX XXXXY 90.9,0,0.4.0) : 
tROH—- 
YY VY VV XV YAY YYYWXYY ~ RXYOXXXXXKKXAAAX 
KKK OY RO AK KRKXXR 
: toeA toEz 
taa—4 
t toFF 
a tcac 
= trac i 
BY, X) WAY 
OCDE} OCD 
tcLz . teLz 


fags * — 5 SE 





trasc 


tRap—— 





‘WN 








ea tRaH tsc tsc tRAL* 
A/ V\/Y ¥ 
{) ROW “WYYX) COLUMN COLUMN 
4, \_ ADDRESS Wy appress JAN _aporess AA 


| os 
COLUMN MYX 
ADDRESS y Wi 


taH 
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ei” 


ELECTRONICS 


.. 686 


KM44C4102A/AL/ALL/ASL CMOS DRAM 





TIMING DIAGRAMS Continued) | _ 
STATIC COLUMN MODE WRITE CYCLE (W controlled early write) 

























































tRasc at trp 
RAS ig 
IL— 
tRaH on tasc tCAH ma 
t 

Vine can ROW VAXX\y aeons SSN (YX) COLUMN VAX XX XXX XXKX) 

A vi SOM aobress MRK AOORESS KKM RODBEeS KAN coun, ARMAND 
tawrR tcp | tASH 
trp tasc ee ae 1 trp 

ws Viq— ‘ tcsq Ay YY YY | XYYY RY KKYKKX KK KKK) 

Vii— i A XXX XXX AK XXX POOKY A 
Ww. 
Pa VIK— AKXKKKKKAAKAAAK AKAMA YK XV KK VV OX KY 
OE HS lalaslaletatartercarorcicoroaroarercaroraretarartcrnrcerarcararcareocararatorarerrinrorrneravirer 

9 KAKAAKAK ARK KK 

PavDas KORY 





STATIC COLUMN MODE WRITE CYCLE (CS controlled early write) 













































tap 
tRASC _—| | 
Bese Viq— 
RAS Wee 
tasR— tCAH tCAH TRAL 
NSN OD 
. vii— ACY YA ADDRESS JAY YX ADDRESS JY YX ADDRESS AX XX A appress AXKYYXYXX) 
aa [——tcp——| }—- tasH pees 
a Vip— tcsc 
= vim ‘cas 
UI tse ee ~ tow 
two WI wi 
’ Vit— ail mM (YS AY) _| 
= Vin— WHIT IT OVI TVA AAAA AAT IANAAAAARAARARAN AAA RARKARAAAN 
FE AAR SYA AL 
} 
tDH | tos toy 
Vin— XXX KK XV “XY — YY x) pe XXX pty ASYXYYXKYX XY XX 
porno, vr SY vate SRY Bate DRO Bara NOVY 


RY DON’T CARE 
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TIMING DIAGRAMS (Continued) 


STATIC COLUMN MODE READ-MODIFY-WRITE CYCLE 


RAS Vin— ‘ 
Vit— 
SR 
A Vin— 
Vi— 
He }-——_— | 
cs Viq— 
c i 
* Rm Tt 
' eee ae 
a lH— VFIVIVI VV VV 
TE A 


AX 


taa 
tRAC [| 
VioH ~. KA) Bout 
: YX , 
DQ, DQ, VvoL ao NY \ 
teiz 


STATIC COLUMN MODE MIXED CYCLE 








trasc 


ta 
ed) CD 0 
04, ADD —# (X) ; 20.06 


toep 
















9, 
a’ 


twp 


toep 


toez 


tos 





es Vin 
RAS Vi 
reek Vin 
cs Vit— 
Vin— y, 
ee’ C ae OD 
Td 
a VIH— ore 
ve vie~ YAMA tcac i 
— Vin— aes enna | Ne ene Init 
OE vit— MA XXAAAXAXAKAAAK AAA XXXXXXAI 
tewz 
oa 
ee taa taoH 
Pete: | ton | 
¢: A AANAAAASY Ay ATOR: 
me VuioH — \ Low KAXXXXAXKK NY My | Pour AK if 
WRITE READ 


Dout 


READ 


ace VV VVVVV 
BAA 


trp — 


IAA KAA 
RY 


tcrp 


tow. 


AYO 


AA AL AAA\)AA/ 
YY 


A y, 
R= 
Yn OUT 4, XX 


eel 


cOL YY 
L_ooness RAY 


tawo ea 


tCAH 


Bi 


bo ty 


V 
{\ 


toH 
Om RX 


WRITE 
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KM44C4102A/AL/ALL/ASL | CMOS DRAM 


TIMING DIAGRAMS (Continuec) 
RAS-ONLY REFRESH CYCLE 











NOTE: W, OE = Don’t Care tro 
[eo eae tRAS trp 
en Viq— 
RAS Viit— fi 
tcrp trec 
= Vin— in 10", MAX XY 
cs Vii— Wi Wi : , wy 
a ea 
Vip— A/V p—L KY’ VV VV ‘Y XXX Y, 
» vn — SORRY acoress OO SARNAN ARRAN RRA KKK 


CS-BEFORE-RAS REFRESH CYCLE 
NOTE: W, OE, A=Don’t Care 








PAS Ya 
a he ARO, 








Na DON’T CARE 
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TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 






































tras . trp — ~— = tRAS 2 trp 

ee ViH— 
RAS 

Vit— 

; ea -— tcHR -tcRP-———~} 
oa IH 

Vit— 

tasrR 

Vit— VYVY "AY VYYVYYINVYYVYVYVVYY IY YY 
«sh AMBIEN cotsmn aooness _ XY NNNAYARR RY KKRON 
wR Aa any, OA AA) 
WV OY |] ROY 
af ViIH— ITY . “ay troun—tti(<‘éewt~*;*;”;”!CRR YY “y AX oes 
mK AYALA REA 

torr 

SRE TR ae toez 

DQ,-DQ ue an 


HIDDEN REFRESH CYCLE (WRITE) 
bes 















tao —— 














trop 


tRaD 


tasc 
tRAH 


“el 
¢ 
{\ 


YOO XXXWAAAK AMAA KAXAP 











1 TA oe RON aso: AK 
twcs| ? 
Vin— YYXKYKAKYYE 1604000088: Olea’ h O'S BAAR 0 O'A'R'O'e O'S a AATAT TATAYAVAY 
TE = YORK 


twp 


va WOOO OSE EA KR 


*tDHR 


Seost ViH— 
RAS 
Vit~ 
tcrp 
eee Vin 
cs 
Vit— 
tasr 
A 
Ww 
Vvit— 
OE 
Vip— 
DQ1-DQ4 . 
Vit 








ne eenercernrmemanamemeceemnnensreneneenns 
KX DON’T CARE 
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TIMING DIAGRAMS continued) 
CS-BEFORE-RAS REFRESH COUNTER TEST.CYCLE 



































tras —{ -~—trp 
— Vin— 
RAS e | 
es | -~tCHR tcpt sn TSH t= 1 
CRP 
= Vin— || more IGG = a Y 
cs Vii- } 
READ CYCLE tRAL +} 4 TAH 
Vin— VVUVVYYVVYVVY VVVVVVVVA/YV 2 4 
A vi KOO cotMNVADDRESs AX 
trcs ; tRCH 
= Vin— RAKIWVVYVVVVO AV AAV VS VV 7 PRIA 
y vem RRO) | soso yp Om e005 
AA RCH 
= NT EW va VAVAVATAVAYA’A'AAVATATAVAV.Va"a'AVA¥ A’ Av AvAVAVAV.VAVAV AVA a¥ Wi toca IIT TTT TIARA OIG 
CE KKK PBK RRR 
torr 
an ee 
DQ1-DQ4 ~ om X\\y VALID DATA-OUT \ 
WRITE CYCLE itasc L~-tcan-—t 
Vin— VV VVVVVYVSVVV/ VVVV\VAAA/ CIVMVASVY VV VV VWYAVVVVVV NASA 
A Ve RXR RRM __RooReSS KK AR ae - 
twcs twcH 
ae VIE IY YYYXKYVYVXVVVVY KRY YD TINITINVUVTY VV VV VY WAV AVAVAVAVAY) 
w Vi CKD BSA XRXRXX KKK 
a Vie— WIYVVVVUVYVVY Y YU POO AION OO XXX XX vavAVAVAvAtaVa¥ VAY, 
OE KAKA YAX KARRI OOAX KCK 
es to»—— 
DQ\-DQ, a OPEN (vation oatain 
READ-MODIFY-WRITE CYCLE tcaH 


TT TVUVUUY UUUUUVYUVY 


COLUMN ADDRESS 


























A % SSS 
tres 
w Vo RR afi peeat UX KKKX) 
Se 
OE ae PERRO ~ 
—-tAA 
tcLz 
pax00. RE HR ) 


Nan DON’T CARE 
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KM44C4102A/AL/ALL/ASL 


TIMING DIAGRAMS (ontinuea) 


. TEST MODE IN CYCLE 
Note: OE, Address: Don't Care 





ve Vii. = 
RAS 
Vi > 
tapc 
cs Vin 
; Vl 
a View — AAI 
W XXX? 
. Vi — WALLA QYYY YON 
torr 
: Vou — ° 
DQ,-DQ, 


OL 


TEST MODE DESCRIPTION 


The KM44C4102 is the RAM organized 4,194,304 
_ words by 4 bit, it is internally organized 1,048,576 words 
by 16 bits. In “Test Mode”, data are written into 16 
sectors in parallel and retrieved the same way. 
Column address bit Ao, Ai, are not used. If, upon read- 
ing, 16 bits are equal (all “1” or “Q”s) the Q pin indi- 
cates a “1”. 
If they were not equal, the Q pin would indicate a ‘‘0”. 


CMOS DRAM 


tre 


trp 
tras 


tour AVAVAVAY, 


LY YYY Y VY Y 
SOT 


LDADALS L\ AV AN AAA 


OPEN 


We DON'T CARE 


In “Test Mode”, the 16M DRAM can be tested as if it 
were a 1Mx 4 DRAM. W, CS-BEFORE-RAS Cycle (Test 
Mode in Cycle) puts the device into “Test Mode”. And 
GS-BEFORE-RAS REFRESH CYCLE “or” RAS-only 
Refresh Cycle” puts it back into “Normal Mode”. The 
“Test Mode” function reduces test time (1/4 in cases 
of N test pattern). 
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PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) Units: Inches (millimeters) 


0.027 (0.69) 
: MIN 

















| 
75) 


—_ ee ond red a[_ = 

e|s ols 
< BR als R/S 
hi Lio DIV e|2 
0 | wo Q\|o o/o ayn 

o ols 

2/8 NIN 814 SIs 
om=) Olo 3I1o foe Fon) 

















0.670 (17.02) a | 0.128 (3.25) 
0.680 (17.27) 0.145 (3.68) 


| 0.026(0.66) | 
0.032(0.81) 
0.050(1.27) 
MAX 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(Il) (300MIL, Forward and Reverse Type) 





















a 0.004(0.1) 


0.050(1.27) | 0.015(0.38) 
TYP | 0.021(0.53) 














0.03 (0.80) 
TYP 













0.298 (7.57) 
0.302 (7.67) 
0.324(8.22) 

0.359 (9.12) 
0.367 (9.32) 






0.671 (17.04) 
0.679 (17.24) 





0.039 (1.0) 
- 0.047 (1.20) 


0.005 (0.13) 
0.008 (0.20) 


Toe el a ee 
[OJ 0.003 (0.08) 


_ | ar 22) oid) | 
0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 
TYP 


0.016 (0.40) | Bi 
0.024 (060) 
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PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (rrulimeters) 


_ 0.025(0.64) 
MIN 


































= alt= BIS 
2 C18 B18 
. B/O SI5 a 
5 S19 slp O 
oO alo Q|Y% =. 
= ek 
) onie} 2 
oO * S| 
0.144(3.66) | 
MAX : 





la 0.004(0.1) 


0.050(1.27) : 








015(0.38) al 0.026(0.66) 
021(0.53) 0.032(0.81) 








TYP 
; 0.050(1.27) 
[MAX 
24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 
0.03 (0.80) 
TYP 


0.398 (10.11) 
0.402 (10.21) 








0.723 (18.36) 
0.727 (18.46) 


= 0.048 (1.22) 0.012 (0.30) 
0.052 (1.32) 0.020 (0.50) | | 0.037 (0.95) 












0.047 (1.20) 


' 0.459 (11.66) 
0.467 (11.86) 


0.039 (1.0) 





0.005 (0.13) 
0.008 (0.20) 








IG] 9.003 (0.08) 


TYP 





0.016 (0.40) a 4 
0.024 (0.60) 
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4M x4 Bit CMOS Quad CAS DRAM with Fast Page Mode 


FEATURES 


- Performance range: 


KM44C4003A/AL/ALL/ASL-5 
KM44C4003A/AL/ALL/ASL-6 


"sins | em | Tn 
etre [20m | 0 


* Fast Page Mode operation 

¢ Self Refresh Operation (LL-ver. only) 

+ Four separate CAS pins provide for separate I/O 
operation 

- CAS-before-RAS refresh capability 

- RAS-only and Hidden Refresh capability 

¢ Fast parallel test mode Capability 

¢ TTL compatible inputs and outputs 

¢ Early write or output enable controlled write 

* Single+5.0V+ 10% power supply 

* 4096 cycles/64ms refresh (Normal) 

¢ 4096 cycles/128ms refresh (Low power & Self Ref.) 

* 4096 cycles/256ms refresh (Super Low power) 

¢ JEDEC standard pinout 

¢ Available in plastic SOJ and TSOP(II) 


KM44C4003A/AL/ALL/ASL-7 
KM44C4003A/AL/ALL/ASL-8 





FUNCTIONAL BLOCK DIAGRAM 


RAS 
CAS1-CASa4 


Control 
Clocks 


WwW 





GENERAL DESCRIPTION 


The Samsung KM44C4003A/AL/ALL/ASL is a high 
speed CMOS 4,194,304 bitx 4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM44C4003A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible and four 
separate CAS pins provide for separate I/O operation 
allowing this device to operate in parity mode. 


The KM44C4003A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


Vcc 
Vss 


Ves Generator 








Refresh Timer 


Refresh Control 


Refresh Counter 
Row Address Buffer 
Col. Address Buffer 














AQ~A11 









AO~A9 






Column Decoder 









‘Memory Array 
4,194,304 . 4 
Cells 









Sense Amps & IO 










Data out 
Buffer 








Priusunsg 


ELECTRONICS 


695 








KM44C4003A/AL/ALL/ASL 





CMOS DRAM 
PIN CONFIGURATION (top Views) 


+ KM44C4003 AJ/ALJ/ALLJ/ASLJ * KM44C4003 AT/ALT/ALLT/ASLT +» KM44C4003 ATR/ALTR/ALLTR/ASLTR 





J: 400MIL T : 400MIL(Forward) TR : 400MIL(Reverse) 


Address Inputs 


Data In/Out 











~4 
S 5 
AS 
AS1~CAS4 

oe bata Outpt erabio 
C 
C. 
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Power(+5.0V) 
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ABSOLUTE MAXIMUM RATINGS 


ee ee 
Voltage on Any Pin Relative to Vss -1 to + 7.0 ae 
Vcc -1to + 7.0 


-55 to + 150 





















Voltage on Vcc Supply Relative to Vss © 









Storage Temperature — 














Power Dissipation 
Short Circuit Output Current 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. . 


RECOMMENDED OPERATING CONDITIONS — referenced to Vss, Ta=0 to 70°C) 








* 


Supply Voltage 








Ground 


Input High Voltage 





Input Low Voltage 


Parameter 


KM44C4003A/AL/ALL/ASL-5 
Operating Current* KM44C4003A/AL/ALL/ASL-6 
(RAS and CAS Cycling @trc=min.) KM44C4003A/AL/ALL/ASL-7 

KM44C4003A/AL/ALL/ASL-8 


KM44C4003A 
Standby Current KM44C4003AL 
(RAS=CAS=W=ViH) KM44C4003ALL 
KM44C4003ASL 


KM44C4003A/AL/ALL/ASL-5 
RAS-Only Refresh Current* KM44C4003A/AL/ALL/ASL-6 








(CAS=Vin, RAS Cycling @trc=min.) KM44C4003A/AL/ALL/ASL-7 
KM44C4003A/AL/ALL/ASL-8 





KM44C4003A/AL/ALL/ASL-5 
Fast Page Mode Current* KM44C4003A/AL/ALL/ASL-6 
(RAS=ViL, CAS, Address Cycling @tpc=min.) KM44C4003A/AL/ALL/ASL-7 
KM44C4003A/AL/ALL/ASL-8 


KM44C4003A 
Standby Current KM44C4003AL 
(RAS=CAS=W=Vcc-0.2V) KM44C4003ALL 

KM44C4003ASL 


KM44C4003A/AL/ALL/ASL-5 
CAS-Before-RAS Refresh Current* KM44C4003A/AL/ALL/ASL-6 
(RAS and CAS Cycling @trc=min.) KM44C4003A/AL/ALL/ASL-7 
, KM44C4003A/AL/ALL/ASL-8 


Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(Vin)=Vcc-0.2V 
Input Low Voltage(ViL}=0.2V CAS=CAS-Before-RAS 
Cycling or 0.2V DQ1~DQ4=Don't Care tac=31.25s(L-Ver) 
62.5s(SL-Ver.), tras=tras < min~300ns 
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KM44C4003A/AL/ALL/ASL | CMOS DRAM 





DC AND OPERATING CHARACTERISTICS (continued) 


(Recommended operating conditions unless otherwise noted) 







Self Refresh Current 
| RAS=CAS=0.2V 
W=OE=Ao-A11=Vcc-0.2V or 0.2V 

DQ1-DQ4=Vcc-0.2V, 0.2V or Open 


Input Leakage Current 
(Any input 0<Vin <Vcc+0.5yV, all other pins not under test=0 volts.) 












KM44C4003ALL 








Output Leakage Current 
(Data out is disabled, OV < Vout < Vcc) 





Output High Voltage Level (loH=-5mA) 











Output Low Voltage Level (loL=4.2mA) 


“NOTE: Icc1, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. In Icc4, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE (1a=25°c, Vec=5V, f=1MHz) 





AC CHARACTERISTICS (o°c<ta<70°C, Vcc=5.0V+0.5V, See notes 1,2) 


Random read or write cycle time 








Read-modify-write cycle time 





Access time from RAS 








Access time from CAS 








Access time from column address 











CAS to output in Low-Z 


Quit bull rtf dla | 20 of 20 ns |i 


Transition time (rise and fall) 50 aia 














RAS precharge time 





RAS pulse width 

RAS hold time 

CAS hold time 

CAS pulse width 

RAS to CAS delay time 

RAS to column address delay time 
CAS to RAS precharge time 























Row address set-up time 
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AC CHARACTERISTICS (Continued) 


Row address hold time tRAH 


: 


myst Soyo on = 
Coo eS) ee od ee Oa) nn So 


Column address set-up time 

Column address hold time 

Column address hold time referenced to RAS 
Column address to RAS lead time 


Read command set-up time 


s |x |zi|si¢s ls 
Q }9 Dir |@ 
x ]|oO LF x {|O 


Read command hold time referenced to CAS 


Read command hold time referenced to RAS 


o> 
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ala. 
= 
a 


pam J Pe] > 

ea (os 2 | 2 Be |e ~ 4 day |i 
= 

™~ Si |S oO}l]}o}]}a on oo ~ “STN 


Write command hold time 


Write command hold time referenced to RAS 


Write command pulse width 


Write command to RAS lead time 
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NO 
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Write command to CAS lead time 


Data set-up time 





Data hold time toH | | of of asf dts 
Data hold time referenced to RAS toHR | 40 a 45 55 eae 60 
Refresh period (Normal) tREF | | ea 64 | gat | 


Refresh period (Low power & Self Ref) tree | | 128, | 128] | ta] 
Refresh period (Super Low power) tREF | | ase] | ase] | se} 
Write command set-up time twcs 1 of | of [| of | o| 
CAS to W delay time - tCwD | 36j | ao{ {so} ~~ 50 | 
FAS to W delay time [two | 73{ | as| | too | 110 | 
Column address to W delay time tawD 55° 65 70 
CAS set-up time (CAS-before-RAS refresh) tcsR Lo} | 10] 10 

-| CAS hold time (CAS-before-RAS refresh) tcHR | 10 
RAS to CAS precharge time trec | 5 5 5 


5 
CAS precharge time (C-B-R counter test cycle) | tor | 20/ | 20] | 301 30 


ao } oa 
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wn 
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wn 














Access time from CAS precharge ftom | | aol | 35 40 || 45} ns | 3,19 
Fast Page mode cycle time tPC 35 lies 40 45 50 20 








Fast Page mode read-modify-write cycle time | terwo| 76{ | 85. 100 105 
CAS precharge time (Fast Page mode) Htc | wl | to] | 40 10 
RAS pulse width(Fast Page mode) tRASP 200000 60 | 200000] 70 | 200000) 20 | 200000 
RAS hold time from CAS precharge tRHCP 35 40 | 45 
OE access time _ | toca | | | 15 20 20 
OE to data delay } tooo | 13) | 15{ | 204 20 
Output buffer turn off delay time from OE | tz | of 15} 0 15 20 0 
OE command hold time F ton | 13] | 48] 0 0 
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AC CHARACTERISTICS (continuec) 
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CAS hold time (C-B-R self refresh) 
Hold time CAS low to CAS high 
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TEST MODE CYCLE | Pee 
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Random read or write cycle time 
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Read-modify-write cycle time 
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[Max | [Min | Max _| in| ie 

= as 

—_ al 
Access time from RAS tRAC = | 
Access time from CAS | | hee 
Access time from column address | | | 
RAS pulse width 40,000 | | 
CAS pulse width 18 |- 10,000 10,000 10,000] 25| 10,000] ns | | 
RAS hold time i8| | 20 = 25 |]. tens | | 
CAS hold time 55 -— 65 75 HE} 2) — 
Column address to RAS lead time 30 35 40 45 l/s | | 
CAS to W delay time 4 | | as 55 55 | | ons | 8 
RAS to W delay time || | of 105 | ft] fs | 
Column address to W delay time tawo | 33 | 60 || | mi | nmsi] es | 
Fast Page mode cycle time ea teehee eee 
Fast Page mode read-modify-write cycle time tprwc| 81 | 90[ [tos] | 110 | of ns | | 
RAS pulse width (Fast Page Mode) tras | 55 | 200,000] 65 200,000 75 | 200,000] 85 | 200,000] ns | 
Access time from CAS precharge {CPA 35 | ao] =| ast | sf ns | 8 | 
OE access time ee 
OE to data dla too | 13] | ott sf st os | 
OE command hold time toEH |i | of) Sf tf tf ts | 
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NOTES 


1. 


NO 


10. 


An initial pause of 200s is required after power-up 
followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


. Vik(min) and ViL(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 
assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads 


and 100pF. 


. Operation within the trcp(max) limit insures that 


trRac(max) can be met. tRcp(max) is specified as a 
reference point only. If tRcp is greater than the 


specified tRcp(max) limit, then access time is . 


controlled exclusively by tcac. 


. Assumes that tRcD >tRcb (max). 
. tar, twcr, tbHR are referenced to tRAD(max). 
. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to Vou or VoL. 


. twos, tRwD, tcwo and tawp are non restrictive 


operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs> 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo>tcwo(min), tawo> 
trwo(min) and tawp >tawp(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read 


cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 


11. 


12. 
13. 


14. 


15. 


16. 
17. 
18. 
19. 


20. 


Operation within the trap(max) limit insures that 
trac(max) can be met. trap(max) is specified as a 
reference point only. If tRaD is greater than the 
specified tRaD(max) limit, then access time is 
controlled by taa. 

These specifications are applied in the test mode. 
In test mode read cycle, the value of trac, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

toFF(max) and toEz(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. 

4096 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 

In order to hold the address latched by the first 
CAS going low. the parameter tcLcH must be met. 
The first CASx edge to transition low. 

The last CASx edge to transition high. 

Output parameter is referenced to corresponding 
CASx input. 

Last rising CASx edge to next cycle's last rising 
CASx edge. 





. Last rising CASx edge to first falling CAS edge. 
. First DQx controlled by the first CASx to go low. 
. Last DQx controlled by the last CASx to go high. 
. Each CASx must meet minimum pulse width. 

. Last CASx to go low. 
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-KM44C4003A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAM 
READ CYCLE 
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TIMING DIAGRAM (continued) 
WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAM (Continued) 
WRITE CYCLE (OE CONTROLLED WRITE) 


CAS, 


DQ; ~DQ4 





tras tre 
Vin — 
Vit = 
. tcrp 
: tcRe 
aaa 


el | a a 
nee 


trop trasH 


=e I 
| 
= OF T\__|F> 






tasr | | 


ree KOM asittss ROME scons RYO 


: tow. 
trwe . 
= RKO "LXER 


= OOOO OK 


tos toH 


2 COR me OOOO 0 


vu — IOVS 
1H — 
= | 
tcsH 


OXY 


Kd Don’t Care : 


ELECTRONICS 


KM44C4003A/AL/ALL/ASL 7 CMOS DRAM 


TIMING DIAGRAM (Continued) 
READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAM (Continued) 
FAST PAGE MODE READ CYCLE 
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KM44C4003A/AL/ALL/ASL - CMOS DRAM 


TIMING DIAGRAM continued) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAM (Continued) 
FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS (continued) 


RAS ONLY REFRESH CYCLE 
NOTE: W, OE=Don't Care 
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TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 
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TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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TIMING DIAGRAMS 6(continueg) 


TEST MODE IN CYCLE 
Note: OE, Address: Don’t Care 
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KM44C4003A/AL/ALL/ASL CMOS DRAM 


PACKAGE DIMENSION 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 
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4M x4 Bit CMOS Quad CAS DRAM with Fast Page Mode 


FEATURES 


¢ Performance range: 














KM44C4103A/AL/ALL/ASL-5 


KM44C4103A/AL/ALL/ASL-6 | 60ns | 16ns | 110ns | 


KM44C4103A/AL/ALL/ASL-7 | 70ns | 20ns | 130ns | 
KM44C4103A/AL/ALL/ASL-8 | 80ns | 20ns | 150ns | 


‘» Fast Page Mode operation 

* Self Refresh Operation (LL-ver, only) 

- Four separate CAS pins provide for separate I/O 

operation 

_ « CAS-before-RAS refresh capability 

- RAS-only and Hidden Refresh capability 

¢ Fast parallel test mode Capability 

¢ TTL compatible inputs and outputs 

» Early write or output enable controlled write 

¢ Single+5.0V+ 10% power supply 

* 2048 cycles/32ms refresh (Normal) 

* 2048 cycles/128ms refresh (Low power & Self Ref.) 

* 2048 cycles/256ms refresh (Super Low power) 

« JEDEC standard pinout 

« Available in plastic SOJ and TSOPiIl) 













FUNCTIONAL BLOCK DIAGRAM 
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Refresh Timer 
Saas 
Refresh Control 
Refresh Counter 
Row Address Buffer 
Col. Address Buffer 


Ao~A10 


: Vss 
VBB Generator 









Memory Array 
4,194,304x4 


Column Decoder 


(GENERAL DESCRIPTION 


The Samsung KM44C4103A/AL/ALL/ASL is a high 
speed CMOS 4,194,304 bitx4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM44C4103A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible.and four 
separate CAS pins provide for separate I/O operation 
allowing this device to operate in parity mode. 


The KM44C4103A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


Vcc 









DQi 
’ to 
DQ4 






Cells 





Data out 
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KM44C4103A/AL/ALL/ASL CMOS DRAM 





PIN CONFIGURATION (Top Views) 


« KM44C4103 AJ/ALJ/ALLJ/ASLJ ° KM44C4103 AT/ALT/ALLT/ASLT + KM44C4103 ATR/ALTR/ALLTR/ASLTR 





J: 400MIL T : 400MIL(Forward) ‘TR : 400MIL(Reverse) 










[PinName [ PinFunction | 
Address Inputs 
Poi | Data irvOu 
[RAS Row Address Strobe 


Vss 
CAS1~CAS4 | Column Address Strobe 
Ww Read/Write Input 
Vcc 
C. 











[OE Data Output Enable 
[vec | Power(+5.0V) 
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ABSOLUTE MAXIMUM RATINGS 


[Parameter Symbol_—«|~—SRating’ ~~ 
Voltage on Vcc Supply Relative to Vss 









[ Powertinebeion Sd Sd 
Shor Coast Oana Cone a ae a a a 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 






KM44C4103A/AL/ALL/ASL-5 
Operating Current* KM44C4103A/AL/ALL/ASL-6 
(RAS and CAS Cycling @trc=min.) KM44C4103A/AL/ALL/ASL-7 
KM44C4103A/AL/ALL/ASL-8 


KM44C4103A 
Standby Current KM44C4103AL 
(RAS=CAS=W=Vu ) KM44C4103ALL 
KM44C4103ASL 


KM44C4103A/AL/ALL/ASL-5 
RAS-Only Refresh Current* KM44C4103A/AL/ALL/ASL-6 
(CAS=Vin, RAS Cycling @trc=min.) KM44C4103A/AL/ALL/ASL-7 
KM44C4103A/AL/ALL/ASL-8 


KM44C4103A/AL/ALL/ASL-5 
Fast Page Mode Current* KM44C4103A/AL/ALL/ASL-6 
(RAS=Vit, CAS, Address Cycling @tec=min.) KM44C4103A/AL/ALL/ASL-7 
KM44C4103A/AL/ALL/ASL-8 


KM44C4103A 
Standby Current KM44C4103AL 
(RAS=CAS=W=Vcc-0.2V) KM44C4103ALL 

KM44C4103ASL 


KM44C4103A/AL/ALL/ASL-5 
CAS-Before-RAS Refresh Current* KM44C4103A/AL/ALL/ASL-6 
(RAS and CAS Cycling @trc=min.) KM44C4103A/AL/ALL/ASL-7 

KM44C4103A/AL/ALL/ASL-8 


Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(Vin)}=Vcc-0.2V 
Input Low Voltage(Vi.}=0.2V CAS=CAS-Before-RAS 
Cycling or 0.2V DQ1~DQ4=Don't Care trc=62.5ys(L-Ver.) 
125us(SL-Ver), tras=tras < min~300ns 
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KM44C4103A/AL/ALL/ASL CMOS DRAM 





DC AND OPERATING CHARACTERISTICS (Continued) 


(Recommended operating conditions unless otherwise noted) 


Parameter 2 Sybex | Uni 


Self Refresh Current 
RAS=CAS=0.2V ; 
W=OE=Ao-Ato=Vec-0.2V or 0.2V een ie 
DQ1-DQ4=Vcc-0.2V, 0.2V or Open 
Input Leakage Current ve -10 
(Any input 0<Vin <Vcc+0.5V, all other pins not under test=0 volts.) a 
Output Leakage Current Oi -10 
(Data out is disabled, OV<VoutT<Vcc) si 
Output High Voltage Level (loH=-5mA) 
| Pe [ 


Output Low Voltage Level (lo.=4.2mA) 
“NOTE: Icc1, Icc3, loca and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=ViL. In Icc4, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE (ta=25°C, Vco=5v, f=1MHz) 
Parameter «dS bot Min | Max [Unt 


AC CHARACTERISTICS (0’c<tTa<70’C, Voc=5.0V+0.5V, See notes 1,2) | 
7 
Random read or wrt cyl time fro | oof fo] [tao] | tof ts | 
Read-modiy-wrte cyte time [two | a3] [ts {| tas] | a5] | 
Access time from CAS H tcc | | | 20] ns | 345, 
Access time from column address 
Output buffer turn-off delay 
Transition time (rise and fall) 
RAS pulse width 
RAS hold time 
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AC CHARACTERISTICS (Continued) 


eee bee 


Notes 

Row adcressholdime | tw | 10] | to] to] tof os | 

‘|Ocumnaddresssetuptime we | of | of | of | of os | a7 | 
15 


Column address hold time 











RAS 


lee 


Column address to RAS lead time 
Read command set-up time 
Read command hold time referenced to CAS 
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i x 


Write command hold time 
Write command hold time referenced to RAS 
Write command pulse width 


Write command to RAS lead time 
Write command to CAS lead time 
Data set-up time 

Data hold time 
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KM44C4103A/AL/ALL/ASL CMOS DRAM 


AC CHARACTERISTICS (Continued) 


oe 
[min] Max | Min| Max [ min| Max | Min] Max_| 

Write commandset-up time Testmodein) | twns | to] |] ~— | |_| to] | os | 
[Write command hold time(Testmode in) =| twa | 10) | to] | to] | to] | rs |] 
WtoRAS prechargetime C-B-Aretest) | twp | 10, | to] | to] =~ | to] | os | 
WroRASholatimeC-B-Rrefesr) | tw | 10] | tof | to] | tof | ns | 
















j100| [roof | too] | ns | 8 
FASprechargetime C-B-A sat retest) | tees | 00| | to] | t30| | a0] no | 18 
[CASholdtime CHAseirerest) | tows | 60] | so] | 80] | so] |e | 8 
HoldtimeCASlow toTAShigh | tun} 5] || | 5] | 5] s | 16 


TEST MODE CYCLE (Note.12) 


Random read or write cycle time 
Read-modify-write cycle time | two | 138] | 


faataines Te [8 
Access time from CAS ! tcac | | 


os 



























Accesstime tom column acess | tw | 

AS pusewen | ts | 
CAS pusewidh | teas | 18 10.000] 20 10000] 25 | 10000] 25| roso0} os | 
aShodime tose | te} otf sft | os | 
CHSrodtine ftom | os] ff fs] fs] os | 
[eotumnedcressioFASeadtime | tw | ao} | of | of | ws] fos | 
tof if | ws] fess] fst ts | 
RAS toWaeaytme | two | 7} | co] to} nts] fs | 
JCounnadcesstoWaeaytine | wo | sa} | wo| | mo] fs] | os | | 
Fast Page mode cyl tie feo | of {wf {so} fst foot | 
Fast Page mode read-modify-write cycle time | terwc] st] | ao] sf 405] 110 | ot ns | | 
FAS puse width Fast Page Mode) _—| tase | 85 | 200000| 5 | 2on000| 75 | aoncoo| as | oomno] ns | 
Access time from CAS precharge ftom | | a5{ | aol | 4} | 50] ns | 3 | 
OE access tine tcc | | ve] | ao} | as] [as] os | 
[Etodaadey toe | tf | off sft ws | 
I ji | se] | mo} fst sts | 





OE command hold time 





719 





a 


ELECTRONICS 


KM44C4103A/AL/ALL/ASL 


CMOS DRAM 





NOTES 


1. 


10. 


An initial pause of 200«s is required after power-up 
followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


. Vik(min) and Vit(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between Vik(min) and Vit(max) are 
assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads 
and 100pF. 
. Operation within the trco(max) limit insures that 


trac(max) can be met. trcD(max) is specified as a 
reference point only. If tacp is greater than the 
specified trcp(max) limit, then access time is 
controlled exclusively by tcac. 


. Assumes that tacp >trcp (max). 
. tar, twcr, toHR are referenced to tRaD(max). 
. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to Vou or VoL. 


. twcs, trwbd, tcwo and tawod are non restrictive 


operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo>tcwo(min), trwo> 
trwo(min) and tawo>tawo(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read 


cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 


‘11. 


12. 
13. 


14. 


15. 


16. 
17. 
18. 
19. 


20. 


Operation within the trao(max) limit insures that 
trac(max) can be met. trap(max) is specified as a 
reference point only. If trap is greater than the 
specified trap(max) limit, then access time is 
controlled by taa. 

These specifications are applied in the test mode. 
In test mode read cycle, the value of trac, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. Prey 

torF(max) and toez(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. 

2048 cycle of burst refresh must be executed 
within 32ms before and after self refresh, in order 
to meet refresh specification. 

In order to hold the address latched by the first 
CASx going low. The parameter tcLcH must be met. 
The first CASx edge to transition low. 

The last CASx edge to transition high. 

Output parameter is referenced to corresponding 
CASx input. 

Last rising CASx edge to next cycle's last rising 
CASx edge. 


. Last rising CASx edge to first falling CASx edge. 
. First DQx controlled by the first CASx to go low. 
. Last DQx controlled by the last CASx to go high. 
. Each CASx must meet minimum pulse width. 

. Last CASx to go low. 
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KM44C4103A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAM 
READ CYCLE 
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KM44C4103A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAM (Continued) 
WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAM (Continued) 
WRITE CYCLE (OE CONTROLLED WRITE) 
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TIMING DIAGRAM (Continued) 
READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAM Continue) 
FAST PAGE MODE READ CYCLE 
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KM44C4103A/AL/ALL/ASL | CMOS DRAM 


TIMING DIAGRAM (Continued) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAM (Continued) 
FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS (Continued) 


RAS ONLY REFRESH CYCLE 
NOTE: W, OE=Don't Care 
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TIMING DIAGRAMS (continueg) 
HIDDEN REFRESH CYCLE (READ) 
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HIDDEN REFRESH CYCLE (WRITE) 
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TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE. 
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TIMING DIAGRAMS £(continueg) 


TEST MODE IN CYCLE 
Note: OE, Address: Don’t Care 
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PACKAGE DIMENSION 
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CMOS DRAM 





4M x4 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES 


¢ Performance range: 


Ye ea | 
FRIGATE | S| Tos | Ss | 7 | 
ReAlaBCNALALLAS- | Sn | 15 [tw | | 
eicenennacns-[ on | Ars | Te | Ss | 


* Fast Page Mode with Extended data out 

¢ Self Refresh operation (LL-ver. only) 

« CAS-before-RAS refresh capability 

- RAS-only and Hidden Refresh capability 

« Fast parallel test mode Capability 

* TTL compatible inputs and outputs 

* Early write or output enable controlled write 

« Single+5.0V+10% power supply 

* 4096 cycles/64ms refresh (Normal) 

« 4096 cycles/128ms refresh (Low power & Self Ref.) 
« 4096 cycles/256ms refresh (Super Low power) 
¢ JEDEC standard pinout 

* Available in plastic SOJ and TSOP(II) 













FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks 





Vss 


GENERAL DESCRIPTION 


The Samsung KM44C4004A/AL/ALL/ASL is a high 
speed CMOS 4,194,304 bit x 4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM44C4004A/AL/ALL/ASL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM44C4004A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 
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PIN CONFIGURATION (Top Views) 


* KM44C4004 AJ/ALJ/ALLJ/ASLJ 
AK/ALK/ALLK/ASLK 


J: 400MIL 
K : 300MIL 





Vss 
DQ, 
DQ; 
CAS 


* KM44C4004 AT/ALT/ALLT/ASLT + KM44C4004 ATR/ALTR/ALLTR/ASLTR 


AS/ALS/ALLS/ASLS 


Vss 





T : 400MIL(Forward) 
S : 8300MIL(Forward) 




















OE [bata Outnut Ena | 


ASR/ALSR/ALLSR/ASLSR 





TR : 400MIL(Reverse) 
SR : 300MIL(Reverse) 
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ABSOLUTE MAXIMUM RATINGS 


Parameter «| ~SSyrmbol «| ~—SSRating =| COs 
Voltage on Any Pin Relative to Vss 

a 
: 






















Voltage on Vcc Supply Relative to Vss 


Storage Temperature 








Power Dissipation 
Short Circuit Output Current 


* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) | 
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Operating Current* 
(RAS and CAS Cycling @trc=min.) 


















Standby Current 
(RAS=CAS=W=Vin ) 











RAS-Only Refresh Current* 
(CAS=Vin, RAS Cycling @trc=min.) 


















Hyper Page Mode Current* 
(RAS=ViL, CAS, Address Cycling @tpc=min.) 




















Standby Current 
(RAS=CAS=W=Vcc-0.2V) 





















CAS-Before-RAS Refresh Current" 
(RAS and CAS Cycling @trac=min.) 











Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(ViH)=Vcc-0.2V 
Input Low Voltage(Vit)=0.2V CAS=CAS-Before-RAS 
Cycling or 0.2V DQ1~DQa=Don't Care trc=31.25hs(L-Ver.) 
62.54S(SL-Ver.), tras=tras < min~300ns 
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DC AND OPERATING CHARACTERISTICS (Continued) 


(Recommended operating conditions unless otherwise noted) 


Parameter —*Y Sti | a | 


Self Refrésh Current 

RAS=CAS=0.2V 
W=OE=Ao-A11=Vcc-0.2V or 0.2V EEL i uA 
DQ1-DQ4=Vcc-0.2V, 0.2V or Open 


Input Leakage Current in -10 10 
(Any input 0<Vin <Vcc+0.5yV, all other pins not under test=0 volts.) a 

Output Leakage Current 

(Data out is disabled, OV<VouT< Vcc) 
Output High Voltage Level (loH=-5mA) | vow | 24 | - | 
Output Low Voltage Level (loc=4.2mA) | vo | = | 04 | 


*NOTE: Icc1, Icc3, Icc4 and Iccs are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. In cca, Address can be changed maximum once within one Hyper page cycle. 


CAPACITANCE (ta=25°c, Vcc=5v, f=1MHz) 


Parameter *CSymbot [Min Max Unit 
Input Capacitance (Ao~A11) | oom =| =f 
Input papectan’ (RAS, CAS, W, OE) be One ut te GP ee, ot Dey. ot 
input Capactance aoa) ——SSSC*dS~C «| ST 


AC CHARACTERISTICS (°c<ta< 70°C, Vec=5.0V+0.5V, See notes 1,2) 
Test condition: Vih/Vi=2.4V/0.8V, Voh/Vol=2.0V/0.8V, Output Loading CL=100pF 


Random read or write cycle time | tr | | to] sf azo} | 450 | 150] | 

Ee ee a 
Access time from RAS fm | {| so] | | {| mo] | a0] ns | aaatt 
AccesstimetiomCAS | toa | |] ft] | 
[Accesstime from colurm adress | tw | | ||| 
CAS to output in Low-Z ftaz | 3{ | 3| | 
OE to output in Low-Z ftoz | 3] | al 
Output buffer turn-off delay from CAS a 

tT 


Transition time (rise and fall) 
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AC CHARACTERISTICS (Continued) 


} 5 -7 
Min| Max | Min | 
CAS to RAS precharge time 5 5 5 
Row address set-up time ons | 


Row address hold time 
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Column address set-up time 


Column address hold time 
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Column address hold time referenced to RAS 
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Column address to RAS lead time 


| Read command set-up time 


Read command hold time referenced to CAS. 


Read command hold time referenced to RAS 


Write command hold time 
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Write command hold time referenced to RAS 


Write command pulse width 
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Write command to CAS lead time 
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Data set-up time 
Data hold time 
Data hold time referenced to RAS 


Refresh period (Normal) 
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Refresh period (L-ver) 
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CAS oprecharge to W delay time 
CAS set-up time (CAS-before-RAS refresh) 
CAS hold time (CAS-before-RAS refresh) 
RAS to CAS precharge time 
CAS precharge time (C-B-R counter test cycle) 


Access time from CAS precharge | tora _| 


Hyper Page cycle time 
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Hyper Page read-modify-write cycle time 





CAS precharge time (Hyper Page Cycle) 
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RAS pulse width (Hyper Page Cycle) 


| RAS hold time from CAS precharge tRHCP 


OE access time 
OE to data delay 
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KM44C4004A/AL/ALL/ASL CMOS DRAM 


AC CHARACTERISTICS (continued) 


ae 
[Max | 
| ns | 7 









[Min | Max | 
Output buffer turn off delay time from OE ; 
OE command hold time 
Write command set-up time (Test mode in) 







NO 
o 








Write command hold time (Test mode in) 
W to RAS precharge time (C-B-R refresh) 
W to RAS hold time (C-B-R refresh) 
Output data hold time 


Output buffer turn off delay from RAS 


Output buffer turn off delay from W 
W to data delay 
OE to CAS hold time 


CAS hold time to OE 
OE precharge time 
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W pulse width (Hyper Page Cycle) 
RAS pulse width (LL-ver) 
RAS precharge time (LL-ver) 
CAS hold time (LL-ver) 
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TEST MODE CYCLE (Note. 12) 


a a ee 
Parameter 


es Co ed 
Random read or write cycle time f155| * | ns | | 
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Access time from CAS 2-8 
‘| Access time from column address 40 | [as] ons | at 

PAS pulse wicth | 10,000 75 | 10,000] 85 | 10,000| ns | 
CAS pulse wiath toAs 10,000 0,000] 20| 10,000] 25 | 10,000] ns | 
RAS hod time a ee ee es 
CAS hold time ee 
a ee 
CAS to W delay time | ss] | 
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RAS to W delay time 
Column address to W delay time 
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Hyper Page cycle time 
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TEST MODE CYCLE (Continued) 


ee Sere 


tease | 88 | 200000| 65 |200000| 75 | 200000| 95 | 200000] ns | 
| [sol 
5| ns | 


RAS pulse width (Hyper Page Cycle) 
Access time from CAS precharge 
OE access time 

OE to data delay 


OE command hold time 


TEST MODE DESCRIPTION 


The KM44C4004A/AL/ALL/ASL is the CMOS DRAM 
organizied 4,194,304 words by 4 bit internally 
organized 1,048,576 words by 16 bits. In “Test Mode", 
data are written into 16 sectors in parallel and retrieved 
the same way. Column address bit AO is not used. If 
upon reading, two bits on one I/O pin are equal (all "1" 
or "O"s)the I/O pin indicates a "1". If they were not 
equal, the I/O pin would indicate a "0". In "Test Mode". 
the 4Mx4 DRAM can be tested as if it were a 1Mx4 


NOTES 


1. An initial pause of 200us is required after power-up 
followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 

2. Vik(min) and ViL(max) are reference levels for 
measuring timing of input signals. Transition times 
are measured between ViH(min) and Vit(max) are 
assumed to be 5ns for all inputs, without tHPC and 
tHPRWC. 

3. Measured with a load equivalent to 2 TTL loads 
and 100pF 

4. Operation within the tRcp(max) limit insures that 
trac(max) can be met. tacp(max) is specified as a 
reference point only. If trcD is greater than the 
specified tRcD(max) limit, then access time is 
controlled exclusively by tcac. 

5. Assumes that tacp > tRCpD (max). 

6. tar, twcr, tDHR are referenced to tRaD(max). 

7. This parameter defines the time at which the 
output achieves the open circuit condition and is 
not referenced to VoH or VoL. 

8. twcs, tRwp, tcwo and tawD are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo>tcwo(min), tawo> 
trwo(min) and tawD>tawo(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

















DRAM. W and CAS before RAS Cycle (WCBR, Test 
Mode In Cycle) puts the device into “Test Mode", and 
"CAS before RAS Refresh Cycle" or "RAS Only Refresh 
Cycle" puts it back into "Normal Mode". In the Test 
Mode, "W and CAS before RAS Refresh Cycle" 
peforms the refresh operation with internal CBR refresh 
address counter. The "Test Mode" function reduces 
test time(1/4 in cases of N test pattern) 


9. Either tRcH or tRRH must be satisfied for a read 
cycle. 

10. These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

11. Operation within the tRaD(max) limit insures that 
tRac(max) can be met. tRaD(max) is specified asa 
reference point only. If tRAD is greater than the 
specified tRAD(max) limit, then access time is 
controlled by taa. 

12. These specifications are applied in the test mode. 

13. In test mode read cycle, the value of trac, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

14. trez(max),tcez(max), twez(max) and toeEz(max) 
define the time at which the output achieves the 
open circuit condition and are not referenced to 
output voltage level. 

15. 4096 cycle of burst refresh must be executed 
within 16ms_ before and after self refresh, in order 
to meet refresh specification. 

16. If RAS goes high before CAS high going, the open 
circuit condition of the output is achieved by CAS 
high going. If CAS goes high before RAS high 
going, the open circuit condition of the output is 
achieved by RAS high going 

17. tasc 2 tcp (min), Assumn tT=2.0ns 
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TIMING DIAGRAMS 
READ CYCLE 
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TIMING DIAGRAMS (continued) 
WRITE CYCLE (EARLY CYCLE) 
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TIMING DIAGRAMS (Continued) 
READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS (Continued) 
HYPER PAGE WRITE CYCLE (EARLY WRITE) 


trasp tre 


trace 


| 


wy 
> 
id) 


el) trsH 







CAS 7 2 360 =e —re tcas toas 

6, OE ee) ON Ot Sn = =P i 

wT RRR 1 KAR Rie AY SE — 
i tow. a 4 cs a 

xt RIOR INIOON Novo SSS 


tox 


om SERED MCE PONCE MOET 


tour 


HYPER PAGE READ-MODIFY-WRITE CYCLE 


Vin — 
RAS ™ tar gi 
Vi — ; L 
i | tesH top : 
Vn OG a] = 4 
poms iH { teas tcas V / 
_X = 


alo ince 
g Scala ch I 





(2) 
a 





tasr 


Vin YY 
ee A SB SSSHNes DRS ONOOUGGEeen 
ae 


v mi -« =r a 
—— lia 
_ tous 


rh ROI 


=| 


ies 
tcac 
trac 
DQ,-DQ, VvoH— Pa 
Vio. 
or VALID teuz 
DATAOUT DATA-IN DATE ‘OUT DATA IN 


RY DON’T CARE 


ELECTRONICS 





Bue 
cf 








KM44C4004A/AL/ALL/ASL CMOS DRAM 





HYPER PAGE READ AND WRITE MIXED CYCLE 
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TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 
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HIDDEN REFRESH CYCLE (WRITE) 
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TIMING DIAGRAMS (continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE=Don't Care 











CAS-BEFORE-RAS REFRESH CYCLE 
Note: OE, Address=Don’t Care 
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TIMING DIAGRAMS (continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE the 
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TIMING DIAGRAMS £( continue) 


TEST MODE IN CYCLE 
Note: OE, Address: Don’t Care 


tras 






ARS hi 7 

Vin hea < a | VVVYVVV VV PIV VV 
me z OOO enwnn 
Fe RRR KKK IOI 
pa,-pa, Yo" ~ y | OPEN 


Ro DON'T CARE 


Poimsunag ee 
ELECTRONICS | sgn 


KM44C4004A/AL/ALL/ASL CMOS DRAM 





PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) 


Units: Inches (millimeters) 


0.027 (0.69) 
MIN 
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0.670 (17.02) : 0.128 (3.25) 
0.680 (17.27) 0.145 (3.68) 











[a 0.004(0.1) ¥ 5 Bal ° a ’ 
0.050(1.27) 0.015(0.38) a 0.026(0.66) 
TYP 0.021(0.53) 0.032(0.81) 





0.050(1.27) - 
MAX 








24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(II) (SOOMIL, Forward and Reverse Type) 


0.03 (0.80) 










0.298 (7.57) 
0.302 (7.67) 
0.324(8.22) 
0.359 (9.12) 
0.367 (9.32) 





0671 (17.04) 
0.679 (17.24) 





0.039 (1.0) 
0.047 (1.20) 


0.005 (0.13) . 
0.008 (0.20) 


IS] 0.003 (0.08) 


a 0.048 (1.22) 0.012 (0.30) | a 
0.052 (1.32) 0.020 (0.50) 0.087 (0.95) 


TYP 





0.016 (0.40) Ee | 
0.024 (0.60) 
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KM44C4004A/AL/ALL/ASL - CMOS DRAM 


PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters) 


a 0.025(0.64) 
MIN 
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la 0.004(0.1) 


0.050(1.27) 0.015(0.38) 
TYP 0.021(0.53) 
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24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 





0.050(1.27) 
MAX 


0.03 (0.80) 










0.402 (10.21) 
0.459 (11.66) 
0.467 (11.86) 





0.039 (1.0) 
0.047 (1.20) 





0.005 (0.13) 
0.008 (0.20) 


oe il 0.048 (1.22) 0.012 (0.30) 
0.052 (1.32) 0.020 (0.50) 2] | 0.037 (0.95) 
TYP 
0.016 (0.40) | 
0.024 (0.60) 
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KM44C4104A/AL/ALL/ASL 


CMOS DRAM 





4M x4 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES 


¢ Performance range: 


P| tate | tone | tr | tire | 
anACOARTALASCS | | fw | S| 
TeecerALALAs | se | te [te] ee 
CHORAL [ oe [ Om [tse | 
KM44C4104A/AL/ALL/ASL-8 | 80ns | 20ns | 150ns| 34ns 


« Fast Page Mode with Extended data out 

- CAS-before-RAS refresh capability 

- RAS-only and Hidden Refresh capability 

¢ Fast parallel test mode Capability 

¢ TTL compatible inputs and outputs 

¢ Early write or output enable controlled write 

« Single+5.0V + 10% power supply 

* 2048 cycles/32ms refresh (Normal) 

* 2048 cycles/128ms refresh (Low power & Self Ref.) 
* 2048 cycles/256ms refresh (Super Low power) 
¢ JEDEC standard pinout 

¢ Available in plastic SOJ and TSOP(II) 










FUNCTIONAL BLOCK DIAGRAM 






Control 
Clocks 





Vcc 
Vss 
VBB Generator 


GENERAL DESCRIPTION 


The Samsung KM44C4104A/AL/ALL/ASL is a high 
speed CMOS 4,194,304 bitx4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM44C4104A/AL/ALL/ASL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM44C4104A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 



















Refresh Timer 
ae oe 
Refresh Control 
Refresh Counter 
Row Address Buffer 
Col. Address Buffer 
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Column Decoder 










Data in 
Buffer 


DQi 
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Memory Array 
4,194,304x4 
Cells 
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Data out 
Buffer 
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PIN CONFIGURATION (top views) 


+ KM44C4104 AJ/ALJ/ALLJ/ASLJ =» KM44C 4104 AT/ALT/ALLT/ASLT + KM44C4104 ATR/ALTR/ALLTR/ASLTR 
- AK/ALK/ALLK/ASLK | - AS/ALS/ALLS/ASLS ASR/ALSR/ALLSR/ASLSR 


Vss .- 
DQ, 
DQ3 
CAS 
OE 
Ag 


As 
A7 
As 
As 
Ag 
Vss 





J: 400MIL T : 400MIL(Forward) TR : 400MIL(Reverse) 
K : 300MIL S : 300MIL(Forward) SR : 300MIL(Reverse) 






[PinNeme | __PinFunction | 
Vss 


Row Address Strobe 


Column Address Strobe 
Read/Write Input 









Data Output Enable 
Power(+5. ” 
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ABSOLUTE MAXIMUM RATINGS 
[Parameter [Sambal [Rating 
ae a ee 
OO 
F short Gre Output Garett 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


Supply Voltage 


Input High Voltage 


Input Low Voltage 











KM44C4104A/AL/ALL/ASL-5 
Operating Current* KM44C4104A/AL/ALL/ASL-6 
(RAS and CAS Cycling @trc=min.) KM44C4104A/AL/ALL/ASL-7 

KM44C4104A/AL/ALL/ASL-8 


KM44C4104A 
Standby Current KM44C4104AL 
(RAS=CAS=W=Vu ) KM44C4104ALL 
KM44C4104ASL 


KM44C4104A/AL/ALL/ASL-5 
RAS-Only Refresh Current* KM44C4104A/AL/ALL/ASL-6 








(CAS=Vin, RAS Cycling @trc=min.) KM44C4104A/AL/ALL/ASL-7 
KM44C4104A/AL/ALL/ASL-8 


KM44C4104A/AL/ALL/ASL-5 
Hyper Page Mode Current* KM44C4104A/AL/ALL/ASL-6 
(RAS=ViL, CAS, Address Cycling @tec=min.) KM44C4104A/AL/ALL/ASL-7 
KM44C4104A/AL/ALL/ASL-8 


KM44C4104A 
Standby Current KM44C4104AL 
(RAS=CAS=W=Vcc-0.2V) KM44C4104ALL 

KM44C4104ASL 


! KM44C4104A/AL/ALL/ASL-5 
CAS-Before-RAS Refresh Current* KM44C4104A/AL/ALL/ASL-6 
(RAS and CAS Cycling @trc=min.) KM44C4104A/AL/ALL/ASL-7 

KM44C4104A/AL/ALL/ASL-8 


Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(Vih}=Vcc-0.2V 
Input Low Voltage(ViL)=0.2V CAS=CAS-Before-RAS 
Cycling or 0.2V DQ1~DQs4=Don't Care trco=62.5us(L-Ver) 
125us(SL-Ver.), tras=tras<min~300ns 
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KM44C4104A/AL/ALL/ASL , CMOS DRAM 


‘DC AND OPERATING CHARACTERISTICS (continued) 


(Recommended: operating conditions unless otherwise noted) 


Co Parartor —*d Sl | in |Ma | Uni 


Self Refresh Current , 
RAS=CAS=0.2V 
W-OE=Ao-Ato=Vcc-0.2V or 0.2V ec iea lita ress S00) ae 
DQ1-DQ4=Vcc-0.2V, 0.2V or Open 
Input Leakage Current ; 
(Any input 0<Vin <Vcc+0.5V, all other pins not under test=0 volts.) KB 


Output Leakage Current = 

(Data out is disabled, OV <VouT < Vcc) 

Output High Voltage Level (loH=-5mA) | vor | 24] - | V 
Output Low Voltage Level (loL=4.2mA) | vo | - | os | V 


*NOTE: Icc1, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=ViL. In Icc4, Address can be changed maximum once within one Hyper page cycle. 


CAPACITANCE (1a=25°c, Vcc=5v, f=1MHz) 


Parameter «Cibo | Min—~| Max [Unit 
input Capacitance ay ———SSCS~=~*~“~*~*~sSSYS Cd) 
input Capacitance AS, CAS WOE—SSS«| se «tS |S 
[input Capactance(OGi-DG) SSCS |S) Yr 
AC CHARACTERISTICS (0°c<Ta<70°C, Vcc=5.0V+0.5V, See notes 1,2) 

Test condition: Vin/Vii=2.4V/0.8V, Voh/Voi=2.0V/0.8V, Output Loading CL=100pF 





























Random read or write cycle time 
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Read-modify-write cycle time 


Access time from RAS 





Access time from CAS 
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Access time from column address 
CAS to output in Low-Z 

OE to output in Low-Z 

Output buffer turn-off delay from CAS 


Transition time (rise and fall) 
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RAS precharge time 
RAS pulse width 

RAS hold time 

CAS hold time 

CAS pulse width 

RAS to CAS delay time 


RAS to column address delay time 
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KM44C4104A/AL/ALL/ASL CMOS DRAM 





AC CHARACTERISTICS (continuea) 


old time referenced to CAS 
0 CAS lead time 
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Read command hold time referenced to RAS 
Write command hold time 


Z x 
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Write command hold time referenced to RAS 
Write command pulse width 


id co! 
Write command to RAS lead time 
te co 


Refresh period (Normal) 
Refresh period (L-ver) 
Refresh period (SL-ver) 


Write command set-up time 
CAS to W delay time 
RAS to W delay time 


Column address to W delay time 
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CAS oprecharge to W delay time 
CAS set-up time (CAS-before-RAS refresh) 


CAS hold time (CAS-before-RAS refresh) 
RAS to CAS precharge time 
CAS precharge time (C-B-R counter test cycle) 
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RAS hold time from CAS precharge RHC 
OE access time 


OE to data delay 
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KM44C4104A/AL/ALL/ASL CMOS DRAM 





AC CHARACTERISTICS (continued 


Wtodatadday 
W pulse width (Hyper Page Cycle) 
RA i E 
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W to data delay 


OE to CAS hold time 
CAS hold time to OE 
OE precharge time 


RAS pulse width (LL-ver) 


RAS precharge time (LL-ver) 
CAS hold time (LL-ver) 


TEST MODE CYCLE | (Note.12) 
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RAS pulse width teas | 
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[Colum addressto RAS loadtime | tra 
[FAStoWdelytime | tr 
tac 


an | ~ 


ELECTRONICS 








hm }a 
in] a> 1H 
a oOo} 

“& 
>_> 
air 
= 


> 
P 
an 
= 


<= 


ot 


_ 
(=) 
fo] 
Oo 
oOo 


ao 


& }w =_— |= 


> |[w |r 
= 
oO lwo in |o 
— |f£ 1/O [oO 
= on 
om lo 
oO }m i} oi; an 


67 6 


~ 





101 





KM44C4104A/AL/ALL/ASL 


CMOS DRAM 





TEST MODE CYCLE (Continued) 





TEST MODE DESCRIPTION 


The KM44C4104A/AL/ALL/ASL is the CMOS DRAM 
organizied 4,194,304 words by 4 bit internally 
organized 1,048,576 words by 16 bits. In "Test Mode’, 
data are written into 16 sectors in parallel and retrieved 
the same way. Column address bit AO is not used. If 
upon reading, two bits on one I/O pin are equal (all "1" 
or "O"s)the I/O pin indicates a "1". If they were not 
equal, the I/O pin would indicate a "0". In "Test Mode". 
the 4Mx4 DRAM can be tested as if it were a 1Mx4 


NOTES 


1. An initial pause of 200us is required after power-up 

followed by any 8 CBR or ROR cycles before 
_ proper device operation is achieved. 

2. ViH(min) and Vit(max) are reference levels for 
measuring timing of input signals. Transition times 
are measured between ViH(min) and Vit(max) are 
assumed to be 5ns for all inputs, without tupc and 
tHPRWC. 

3. Measured with a load equivalent to 2 TTL loads 
and 100pF 

4. Operation within the trcp(max) limit insures that 
trRAc(max) can be met. trcp(max) is specified as a 
reference point only. If trcp is greater than the 
specified trcb(max) limit, then access time is 
controlled exclusively by tcac. 

5. Assumes that tRcp > trRcb (max). 

6. tar, twcrR, tbHR are referenced to tRAD(max). 

7. This parameter defines the time at which the 
output achieves the open circuit condition and is 
not referenced to Vou or VoL. 

8. twcs, tRwD, tcwpd and tawbd are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tewo>tcwo(min), tawo> 
tRwd(min) and tawD>tawp(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


DRAM. W and CAS before RAS Cycle (WCBR, Test 
Mode In Cycle) puts the device into "Test Mode", and 
"CAS before RAS Refresh Cycle" or "RAS Only Refresh 
Cycle" puts it back into "Normal Mode". In the Test 
Mode, "W and CAS before RAS Refresh Cycle" 
peforms the refresh operation with internal CBR refresh 
address counter. The "Test Mode" function reduces 
test time(1/4 in.cases of N test pattern) 


9. Either tRcH or tRRH must be satisfied for a read 
cycle. 

10. These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

11. Operation within the trap(max) limit insures that 
tRac(max) can be met. trap(max) is specified as a 
reference point only. If tRaAD is greater than the 
specified trap(max) limit, then access time is 
controlled by taa. 

12. These specifications are applied in the test mode. 

13. In test mode read cycle, the value of trac, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode — 
cycles by adding the above value to the specified 
value in this data sheet. 

14. trez(max), tcez(max), twez(max) and toez(max) 
define the time at which the output achieves the 
open circuit condition and are not referenced to 
output voltage level. 

15. 2048 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 

16. If RAS goes high before CAS high going, the open 
circuit condition of the output is achieved by CAS 
high going. If CAS goes high before RAS high 
going, the open circuit condition of the output is 
achieved by RAS high going 

17. tasc = tcp (min), Assumn tT=2.0ns 
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TIMING DIAGRAMS 
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TIMING DIAGRAMS (Continued) 
WRITE CYCLE (EARLY CYCLE) 
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TIMING DIAGRAMS 6 continued) 
READ-MODIFY-WRITE CYCLE 
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~ TIMING DIAGRAMS (continue) 
HYPER PAGE WRITE CYCLE (EARLY WRITE) 
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HYPER PAGE READ AND WRITE MIXED CYCLE 
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TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 


tras tras 


RAS 7 
Vi — 
aa 
= oom 


a] 
tour 


A . (oe a = RETIN = 


trap 
tacs 
- Vu — YVV 
w" oe 


is OO RII 


FE ROE 7 ARR OOLY 


tcac twez ia tcez 






trac 


Vou — Ov, 
DQ,-DQ, GX VALID DATA-OUT » 
- Pa’ 


HIDDEN REFRESH CYCLE (WRITE) 


tras Ania 


Vin — 
Vi 
‘ = 
t 
Vin =, CHR 
A 


WO pails = = OXY XY EE nay 
Vie ofa 
Vi — ROK WS ian 


Fe NOOSE SOO III ISIS SOSA SNY 


Pe 
1%) 


OQ 
ie) 


> 







=| 


L\ 


SI I 


tou 


para. SOOROO ato ona RR SRR 


’ Ke 
' DON’T CARE 


ELECTRONICS 





KM44C4104A/AL/ALL/ASL CMOS DRAM 


TIMING DIAG RAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE=Don’t Care 
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CAS-BEFORE-RAS REFRESH CYCLE 
Note: OE, Address=Don’t Care 
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TIMING DIAGRAMS 6 continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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TIMING DIAGRAMS (Continued) 
TEST MODE IN GYCLE 


Note: OE, Address: Don't Care 
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PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) Units: Inches (millimeters) 


0.027 (0.69) 
MIN 
——as Bae 












NS 





— 














0.012 (0.30) 


0.260 (6.60) 
0.275 (6.98) 
0.330 (8.33) 
0.340 (8.64) 
0.008 (0.20) 





0.295 (7.49) 
0.305 (7.75) 














0.128 (3.25) 


0.670 (47. 02) 
0.680 (17.27) 0.145 (3.68) 


— as 


0.050(1. zm | 0.015(0. ce 0.026(0.66) 
TYP 0.021(0. mol 0.032(0.81) 


























0.050(1.27) 
MAX 








24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(II) (SOOMIL, Forward and Reverse Type) 


0.03 (0.80) 




















0.671 (17.04) 





0.047 (1.20) 
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0.005 (0.13) 
0.008 (0.20) 
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0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 
TYP 





0.016 (0.40) =o | 
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PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters) 


ra 0.025(0.64) 
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_—s 















0.004(0.1) 
0.050(1.27) 0.015(0.38) 
TYP 0.021(0.53) 





0.050(1.27) 
MAX 








0.03 (0.80) 





0.459 (11.66) 
0.467 (11.86) 





0.723 (18.36) 
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16M x1 Bit CMOS Dynamic RAM with Fast Page Mode 
FEATURES 


« Performance range: 











* Fast Page Mode operation 

¢ CAS-before-RAS refresh capability 

¢ RAS-only and Hidden Refresh capability 

* Fast parallel test mode Capability 

¢ TTL compatible inputs and outputs 

« Common I/O using Early Write 

¢ Single+3.3V+.0.3V power supply 

* 4096 cycles/64ms refresh(Normal) 

* 4096 cycles/128ms refresh(Low power & Self Ref.) 
¢ 4096 cycles/256ms refresh(Super Low power) 

« JEDEC standard pinout 

¢ Available in plastic SOJ and TSOP(I!) packages 


FUNCTIONAL BLOCK DIAGRAM 


ee) 
> 
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Control 
Clocks 
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GENERAL DESCRIPTION | 


The Samsung KM41V16000A/AL/ALL/ASL is a high 
speed CMOS 16,777,216 bit x1 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. _ 


The KM41V16000A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM41V16000A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


Vop 


Ves Generator 












- Refresh Timer 


Refresh Control 


Refresh Counter 
Row Address Buffer 
Col. Address Buffer 



















AO~A11 


Column Decoder 














Data in 
Buffer 





Memory Array 
16,777,216 x1 
‘Cells 







Sense Amps & |O 







Data out 
Buffer 
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PIN CONFIGURATION (Top Views) 


* KM41V16000 AJ/ALJ/ALLJ/ASLJ +» KM41V16000 AT/ALT/ALLT/ASLT + KM41V16000 ATR/ALTR/ALLTR/ASLTR 


/AK/ALK/ALLK/ASLK /AS/ALS/ALLS/ASLS /ASR/ALSR/ALLSR/ASLSR 
Vss Vss 
Q Q 
N.C N.C 
CAS CAS 
N.C N.C 





J: 400MIL *  T: 400MIL(Forward) TR : 400MIL(Reverse) 
K : 300MIL S : 300MIL(Forward) SR : 300MIL(Reverse) 







































Pin Name Pin Function 

Address inputs 

Data In 

' Data Out 

RAS Row Address Strobe 
CAS Column Address Strobe 
WwW Read/Mrite Input — 
Vcc Power(+3.3V) 
Vob Ground 
N.C. No connection 
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KM41V16000A/AL/ALL/ASL CMOS DRAM 
ABSOLUTE MAXIMUM RATINGS °: 
‘Parameter Symbol Rating Units 
Voltage on Any Pin Relative to Vss Vin, VOUT -0.5 ~ 4.6 Vv 
Voltage on Vop Supply Relative to Vss Vppb fe -0.5 ~ 4.6 V 
Storage Temperature Tstg -55 to + 150 °C 
Power Dissipation Pp 1 | WwW 
Short Circuit Output Current los 50 mA 














| ene EE Vw 

* Permanent device damage may occur if “ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 
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[eg ten phe ee pee ee ee ay ee Ae as te al 
Parameter Symbol Min Typ Max Unit 
Supply Voltage Vop 3.0 3.3 3.6 V 
+ 
Ground Vss 0 . 0 0 V 
Input High Voltage VIH 2.0 | — VoD + 0.3 V 
Input Low Voltage Vit -0.3 = 0.8 V 
DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 
Parameter Symbol} Min | Max | Units 
Oncrating Ginga KM41V16000A/AL/ALL/ASL-6 80 mA 
ERS and GAS Sing Secenny KM41V16000A/AL/ALL/ASL-7 | — Icct 70 | mA 
ee sa KM41V16000A/AL/ALL/ASL-8 60 mA 
KM41V16000A 2 mA 
Standby Current KM41V16000AL ae 1 mA 
(RAS=CAS=W=Vin ) KM41V16000ALL 1 mA 
KM41V16000ASL 1 mA 
RAS-Only Refresh C rene KM41V16000A/AL/ALL/ASL-6 [ 80 mA 
CREM, BAS Cvclin anna KM41V16000A/AL/ALL/ASL-7 | — ccs 70 | mA 
=VIH, ycung mets KM41V16000A/AL/ALL/ASL-8 60 mA 
Exat Page Node Currant® KM41V16000A/AL/ALL/ASL-6 70 mA 
FAS-VL CASA i Cia eer KM41V16000A/AV/ALLIASL:7 | cca 60 | mA” 
ee bale a KM41V16000A/AL/ALL/ASL-8 50 | mA 
KM41V16000A 1 mA 
Standby Current KM41V16000AL ie 300 LA 
(RAS=CAS=W=Vop-0.2V) KM41V16000ALL 200) vA 
KM41V16000ASL 200 HA 
=e —— m KM41V16000A/AL/ALL/ASL-6 80 mA 
eee ti bereits KM41V16000A/AL/ALL/ASL-7 | — Icce 70 | mA 
an vellng etree) KM41V16000A/AL/ALL/ASL-8 60 | ma 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage (ViH}=Vop-0.2V . 
Input Low Voltage (Vit}=0.2V CAS=CAS-Before-RAS Cycling i cone: Icc7 as e ‘| 
or 0.2V Din=Don't Care Trc=31.25,S(L-Ver) a 
62.54S(SL-Ver.), TRas=TRaS min.~300ns 
=e 
Self Refresh Current 
RAS=CAS=0.2V 
We Ao-Att=Vop-0.2V or 0.2V KM41V16000ALL Iccs 250 LA 
D, Q=Vpp-0.2V, 0.2V or Open 
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KM41V16000A/AL/ALL/ASL CMOS DRAM 


DC AND OPERATING CHARACTERISTICS (Continued) 


(Recommended operating conditions unless otherwise noted) 





Parameter 










input Leakage Current 
(Any input O< Vin <Vop+0.3V, all other pins not under test=0 volts.) 


ee 











Output Leakage Current 


: 1 
(Data out is disabled, OV<Vout<Vpp) lou) is Og ee 

















Output High Voltage Level (loH=-2mA) VOH 2.4 see Vv 





























Output Low Voltage Level (loL=2mA) 


*NOTE: Icc1, Icc3, Icc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. In Icca, Address can be changed maximum once within one fast page cycle. 








CAPACITANCE (ta=25°c, Vop=3.3V, f=1MHz) 


Parameter 






Input Capacitance (D) 











Input Capacitance (Ao-A11) 
Input Capacitance (RAS, CAS, W) 
‘Input Capacitance (Q) 






























AC CHARACTERISTICS (°c <tTa<70°C, Vov=3.3V+0.3V, See notes 1,2) 
Test Condition : Vih/Vii=2.0V/0.8V, Voh/Vol=2.0V/0.8V, Output Loading CL=100pF 







































































Random read or write cycle time 130° 150 ns esis 
Read-modify-write cycle time 185 | 205 ns 
Access time from RAS 60 70 80| ns | 3,4,11 
Access time from CAS 15 20 20! ns | 3,4,5 

; ae . 
Access time from column address 30 35 | 40 | ns 3,1 7" 
CAS to output in Low-Z 0 Oo; | | ns 3 it 
Output buffer turn-off delay 20} ns 7 


15 0 20; O 
50 3 50 3 50] ns . 2 
60 

















Transition time (rise and fall) 







































































RAS precharge time 50 |: ns _| 
RAS pulse width 10,000 70 | 10,000 | 80/ 10,000; ns | __ 
RAS hold time =| 20 20 ns 

CAS hold time me — 80 | ns 

CAS pulse width 10,000 20 | 10,000 20 | 10,000; ns 

RAS to CAS delay time | taco | 20) 45 4 
RAS to column address delay time tRAD 15 30 11 | 




















CAS to RAS precharge time tcRP 5 
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AC CHARACTERISTICS (continued) 


-7 


Row address set-up time 
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Row address hold time 10 10 ns — 

Column address set-up time 0 0 ns 

Column address hold time 15| 15 ns 

Column address hold time referenced to RAS a 60 ns 6 

Column address to RAS lead time 35 40 ns 

Read command set-up time 0 0 ns 

Read command hold time referenced to CAS 0 0 ns | 9 

Read command hold time referenced to RAS 0 0 ns | 9 

Write command hold time 15 15 ns. 

Write command hold time referenced to RAS 55 | 60 | _| ns 6 

Write command pulse width 15 15 ns 

Write command to RAS lead time 20 20 ns 

Write command to CAS lead time if 20. 20 ns ¥! 

Data set-up time 0 0 __| ns. 10 | 

Data hold time 15 “45 | ns 10 

Data hold time referenced to RAS tDHR | a5} | 55] 60 ns 6 

Refresh period (Normal) 64 64| ms 

Refresh period (Low power & self Ref.) 128 128| ms 

Refresh period (Super Low power) 256 256| ms 

Write command set-up time 0 , 0 ns 8 

CAS to W delay time 20 20 |_ns 8 

RAS to W delay time 70 80 ns 8 

Column address to W delay time 35 40 fe 8 | 

CAS set-up time (CAS-before-RAS refresh) 10 10 ns 

CAS hold time (CAS-before-RAS refresh) 15| 15 | ns | 

RAS to CAS precharge time 5 | S| ns 

CAS precharge time (C-B-R counter test cycle) 30 30 ‘ns 

Access time from CAS precharge 40 | 45] ns | 3 

Fast Page mode cycle time 45 | 50 | ns 4 

Fast Page mode read-modify-write cycle time 70 75 ns 

CAS precharge time (Fast Page mode) | | 10 10 | ns | 

RAS pulse width (Fast Page mode) 200,000 | 70 | 200,000} 80| 200,000; ns | 

RAS hold time from CAS precharge 40 | 45 ns 

Write command set-up time (Test mode in) | 10 | 10 | ns 

Write command hold time (Test mode in) 10 10 ns 

W to RAS precharge time (C-B-R refresh) 10 101, ns 

W to RAS hold time (C-B-R refresh) 10 10 [ ns J 

RAS pulse width (C-B-R refresh) i 100 100 HS 15 | 

RAS precharge time (C-B-R refresh) ee 130 150 L | ns 15 

CAS hold time (C-B-R refresh) -50 -50 ns 15 
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TEST MODE CYCLE (Note.12) 
ae ee - 38 
Parameter Symbol seach we Max | Min | Max Units | Notes 
Random read or write cycle time tRC 115 135 155 ns | | 
Read-modify-write cycle time trwc | 160 190 210 ns 
Access time from RAS _| trac 85/ ns | 3,4,11 
Access time from CAS tcac 25 ty 3,4,5 
Access time from column address tad 45; ns 3,11 
RAS pulse width | tras 85| 10,000} ns 
CAS pulse width tCas 25 [10,0001 as 
RAS hold time tRSH 25 _|_ ns E< 
CAS hold time = tcsH 85 eg 488 
coum leuaiess to RAS lead time tRAL a6 zelts ns Ai 
CAS to W delay time ae 25 ns | 8 
RAS to W delay time trwo 85 | ns 8 
Column address to W delay time tawD 45 {_ns 8 
Fast Page mode cycle time tec 55 ns 
Fast Page mode read-modify-write cycle time tpRwc| 65 75 80 ns 
RAS pulse width (Fast Page Mode) tRASP 200,000) 75} 200,000} 85) 200,000) ns 
Access time from CAS precharge tcPA | | 40 45 50} ns 3 


NOTES 


1. 


for) 


An initial pause of 200s is required after power-up 
followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


. VIH(min) and ViL(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between VIH(min) and ViL(max) are 
assumed to be 5ns for all. inputs. 


. Measured with a load equivalent to 100pF and 


Voh=2.0V(louT=2mA), Vol=0.8V(louT=2mA) 


. Operation within the tacD(max) limit insures that 


trac(max) can be met. tRcpb(max) is specified as a 
reference point only. If tRcD is greater than the 
specified tRcp(max) limit, then access time is 
controlled exclusively by tcac. 


. Assumes that tRcp > trcp (max). 
. tar, twcr, tOHR are referenced to tRAD(max). 
. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to VoH or VoL. 


. twcs, tRwb, tcwD and tawp are non restrictive . 


operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo>tcwo(min), trwo> 
trwo(min) and tawd > tawp(min), then the cycle is a 


10. 


11. 


12. 
. In test mode read cycle, the value of trac, ta, tcac 


14. 


15. 





read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read 


cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the trap(max): limit insures that 
tRac(max) can be met. tRap(max) is specified as a 
reference point only. If trap is greater than the 
specified tRAD(max) limit, then access time is 
controlled by taa. 

These specifications are applied in the test mode. 


is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

torFF(max) and toEz(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. 

4096 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 
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TIMING DIAGRAMS 
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TIMING DIAGRAMS (Continued) 
READ-WRITE/READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAMS (continued) 
RAS-ONLY REFRESH CYCLE 


Note: W = Don't care 
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CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Vin, A=Don't Care 
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CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, A=Don't Care 
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TIMING DIAGRAMS (continue) 
HIDDEN REFRESH CYCLE (READ) 
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TIMING DIAGRAMS (Continued) 
. CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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TIMING DIAGRAMS (continued) 


TEST MODE IN CYCLE 
Note: D, Address: Don’t Care 
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TEST MODE DESCRIPTION 


The KM41V16000A/AL/ALL/ASL is the RAM organized 
16,777,216 words by 1 bit, it is internally organized 1, 
048,576 words by 16 bits. In “Test Mode", data are 
written into 16 sectors in parallel and retrieved the same 
way. Column address bit Ao, A1, A1o and A11 are not 
used. If, upon reading, 16 bits are equal (all “1"s or "O"s) 
the Q pin indicates a "1". 

If they were not equal, the Q pin would indicate a "0". In 





Peet 
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tras 


mvAl LDADLLAASLS 


IR 


LK 


OPEN 


BY DON’T CARE 


“Test Mode", the 16M DRAM can be tested as if it were 
a 1Mx1 DRAM. W, CAS-BEFORE-RAS Cycle (Test 
Mode in Cycle) puts the device into "Test Mode". And 
"CAS-BEFORE-RAS REFRESH CYCLE" or “RAS-only 
Refresh Cycle" puts it back into "Normal Mode". The 
“Test Mode" function reduces test time (1/16 in cases of 
N test pattern). 
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PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) Units: Inches (millimeters) 


0.027 (0.69) 
MIN 














0.260 (6.60) 
0.275 (6.98) 
0.012 (0.30) 


0.008 (0.20) 





0.340 (8.64) 


0.295 (7.49) 
0.305 (7.75) 
0.330 (8.38) 














: 0.670 (17.02) 0.128 (3.25) 
. 0.680 (17.27) 0.145 (3.68) 
= I I — I eS Ee — 





24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(II) (S00MIL, Forward and Reverse Type) | 


0.03 (080) 











0.367 (9.32) 





0.298 (7.57) 
0.302 (7.67) 
0.359 (9.12) 






0.324(8.22) 


0.671 (17.04) 
0.679 (17.24) 








0.039 (1.0) 
0.047 (1.20) 


0.005 (0.13) 
0.008 (0.20) 


Fpomem) FO AAA : 
_ 0.048 (1.22) 0.012 (0.30) | 
0.052 (1.32) 0.020 (0.50) | 0.037 (0.95) 
TYP 


0.016 (0.40) A 
0.024 (0.60). 
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PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters) 


0.025(0.64) 
MIN 














0.445(11.30) 





0.360(9.10) 
0.380(9.65) 
0.430(10.90) 








- 0.008(0.20) 





0.144(3.66) 
MAX 








0.400(10.16) 
as ie ae 


r 0.725(18.42) 
















la 0.004(0.1) 


0.050(1.27) 0.015(0.38) 
TYP 0.021(0.53) 









! 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 


| 0.026(0.66) 
0.032(0.81) 





0.050(1.27) 
MAX 








0.03 (0.80) 


TYP 


7 iif 
| 0.005 (0.13) 
0.008 (0.20) 
~ 0.048 (1.22) 0.012 oor20 
0.052 (1.32) 0.020 oon 0.037 (0.95) 
TYP 


0.016 (0.40) 
0.024 (0.60) 


ex” . 
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0.398 (10.11) 
0.402 (10.21) 
0.423 (10.76) 
TYP 
0.459 (11.66) 
0.467 (11.86) 





} 


0.039 (1.0) 
0.047 (1.20) 
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4M x4 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


* Performance range: 











20ns | 130ns 
-20ns | 150ns 
* Fast Page Mode operation 


« CAS-before-RAS refresh capability 

« RAS-only and Hidden Refresh capability 

* Fast parallel test mode Capability 

* TTL compatible inputs and outputs 

* Early Write or output enable controlled write 

+ Single+3.3V+0.3V power supply 

* 4096 cycles/64ms refresh (Normal DRAM) 

¢ 4096 cycles/128ms refresh (Low power & Self Ref.) 
+ 4096 cycles/256ms refresh (Super Low power) 
+ JEDEC standard pinout 

+ Available in plastic SOJ and TSOP(II) 


FUNCTIONAL BLOCK DIAGRAM 








Control 
Clocks 


Refresh Timer 


Refresh Control 











(| Row Address Buffer 


Col. Address Buffer 


AO~A14 





AO0~AQ 


Ves Generator 


[ve 









Column Decoder 


GENERAL DESCRIPTION 


The Samsung KM44V4000A/AL/ALL/ASL is a high 
speed CMOS 4,194,304 bitx4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM44V4000A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM44V4000A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 












Data in 
Buffer 















Memory Array to 
Refresh Counter 4,194,304 4 DQ4 
Cells 


Sense Amps & lO 


Data out 
Buffer 
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PIN CONFIGURATION (top views) 


* KM44V4000 AJ/ALJ/ALLJ/ASLJ * KM44V4000 AT/ALT/ALLT/ASLT — - KM44V4000 ATR/ALTR/ALLTR/ASLTR 
/AK/ALK/ALLK/ASLK /AS/ALS/ALLS/ASLS /ASR/ALSR/ALLSR/ASLSR 


Vss 
DQ4 
DQ3 
CAS 
N.C 
Ag 


Vss 
DQ, 
DQ3 
CAS 
N.C 
Ag 


Ag 
A7 
A6 
As 
Aa 


Aa 
A7 
A6 
AS 
Ag 


Vss Vss 





J: 400MIL : T : 400MiL(Forward) TR : 400MIL(Reverse) 





























K : 300MIL S : 300MIL(Forward) SR : 300MIL(Reverse) 

PinName | Pin Function 
Ao-A11 Address Inputs | 
DQ1-~4 4 Data In/Out 
Vss Ground 
RAS Row Address Strobe 
CAS | Column Address Strobe 

[Ww | Read/Write Input | 
OE e Data Output Enable 
Vop Power(+3.3V) 
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ABSOLUTE MAXIMUM RATINGS . 


ee 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation - 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 
Parameter Symbol | Min 


Supply Voltage 





< 

















i 


Voltage on Vpp Supply Relative to Vss 






.?) 


Storage Ulloa 





i 


Ground 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 






























































Parameter Symbol; Min | Max | Units 
Gocetned Curent “KM44V4000A/AL/ALL/ASL-6 80 mA 
aS ang ; KM44V4000A/AL/ALL/ASL-7 Ioct - | 70 | mA 
[RAS and CAS Cycling @trc=min) KM44V4000A/AL/ALL/ASL-8 60 | mA 
. KM44V4000A 2 mA 
Standby Current KM44V4000AL hes : 1 mA 
(RAS=CAS=W=Vi ) | KM44V4000ALL . 1 mA 
KM44V4000ASL ae mA 
ana ‘ KM44V4000A/AL/ALL/ASL-6 80 mA 
SY Retr OUTS a KM44V4000A/AVALLIASL-7 | Iccs | - | 70 | mA 
hese ns Cyeling etre) KM44V4000A/AL/ALL/ASL-8 60 | mA 
Fast Page Mode Current" KM44V4000A/AL/ALL/ASL-6- 70 mA 
eee es KM44V4000N/AL/ALLASL-7 | tcca | - | 60 | mA 
(RAS=ViL, CAS, Address Cycling @tec=min.) KM44V4000A/AL/ALL/ASL-8 50 anh 
KM44V4000A 1 mA 
Standby Current KM44V4000AL ices - 300 | “A 
(RAS=CAS=W=Vpp-0.2V) | KM44V4000ALL 200 | “wA 
KM44V4000ASL 200 LA 
; ; | 
Ct BA ate Cat Sere ieee) ain 
Sand Ons Cycling tac min): KM44V4000A/AL/ALL/ASL-8 60 | mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage (ViH}=Vop-0.2V 
Input Low Voltage (ViL)=0.2V CAS=CAS-Before-RAS ia Ve: Icc7 - ee e ; 
or 0.2V Din=Don't Care Tro=31.25uS(L-Ver) ie 
62.54S(SL-Ver), TRAS=TRas min.~300ns 
Self Refresh Current . 
RAS=CAS=0.2V ; 
W=OE=Ao-A11=Vpp-0.2V or 0.2V et ers . eo0t ae 
DQi ~DQ4=Vpp-0.2\, 0.2V or Open 
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DC AND OPERATING CHARACTERISTICS (Continued) 


(Recommended operating conditions unless otherwise noted) 









































Parameter Symbol| Min | Max | Units 
Input Leakage Current In) -10 10 ih 
(Any input O< VIN <VpD+0.3V, all other pins not under test=0 volts.) 
Output Leakage Current en 
(Data out is disabled, OV<Vout < Vo) . 10; 10 | #A 
Output High Voltage Level (loH=-2mA) VOH 2.4 - Vv 

ee : + 

Output Low Voltage Level (loL=2mA) VOL - 0.4 V 


*NOTE: Icc1, Icc3, Icc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. In Icc4, Address can be changed maximum once within one fast page cycle. ° 


CAPACITANCE (1a=25°c, voo=3.3V, f=1MHz) 


Input Capacitance (Ao~A11) 





Input Capacitance (RAS, CAS, W, OE) 
Output Capacitance (DQ1~DQa) 








AC CHARACTERISTICS (o°c<ta<70°C, Vop=3.3V +0.3V, See notes 1,2) 


Test Condition : Vin/Vii=2.0V/0.8V, Voh/Vol=2.0V/0.8V, Output Loading CL=100pF 







































































-6 -7 -8 

Parameter Symbol Min | ies MR ii'geeee eames clase | Units ts 
Random read or write cycle time | tRC 110 130 150 ns 
Read-modify-write cycle time trwc | 155 185 , 205 ns 
Access time from RAS tRAC [ 60 TOA 4 80 | ns | 3,4,11 
Access time from CAS tCAc, 15 20 20; ns 3,4,5 
Access time from column address [_ taa 30 35 40; ns 3,11 
CAS to output in Low-Z tCLz 0} 0 . 0 ns 3 
Output buffer turn-off delay tOFF 0 15 0 20 0 20; ns [| 7 
Transition time (rise and fall) tT 3 50 3 | 50 3 | 50 | ns 2 
RAS precharge time tAP 40 50 60 -| ons 
RAS pulse width TtRAS 60 | 10,000 70 | 10,000 80 | 10,000} ns 
RAS hold time tRSH 15 20 20 ns 
CAS hold time tCSH 60 70 80 ns 
CAS pulse width tcas 15 | 10,000 | 20); 10,000; 20 10,000) ns 
RAS to CAS delay time tRCD 20 45 20 50} 20 60] ns 4 
RAS to column address delay time tRAD 15 30 I 15 35 15 | 40 | ns [ 11 
CAS to RAS precharge time tcRP 5 5 |. | 5 |_ns 
Row address set-up time tASR 0 0 . 0 ns 














ELECTRONICS. 








KM44V4000A/AL/ALL/ASL CMOS DRAM 


AC CHARACTERISTICS (Continued) 


re eee ee 
Parameter 


Row address hold time jm | wo] | of | of fs | 
Column aderess set-up time jus | of | of | of [as] | 


Column address hold time tcan | 10 15 5{ | nn] | 
Column address hold time referenced to RAS tar 45 55 60 | ns | 6 | 


Column address to RAS !ead time aS tRAL 30 35 


Read command set-up time | tres | 0 
Read command hold time referenced to CAS | trcy | 0 


Read command hold time referenced to RAS 0 
Write command hold time 2 15 
Write command hold time referenced to RAS 55 | | sons | 


twcr 
Write command pulse width | 


Write command to RAS lead time trwe | 15 20 | | ao | 

Write command to CAS lead time tCWL 15 20 20 pa 

Data set-up time tbs 0 0 0 

Data hold time tDH 10 15 15 — 
4 















































Data hold time referenced to RAS tbHR 
Refresh period (Normal DRAM only) 








Refresh period (Low power & Seif Ref.) 


tREF 

tREF xe 
Refresh period (Super Low power) | trer | | 256 256 
Write command set-up time twcs i 


CAS to W delay time tcwo | 40 50 
al 
RAS to W delay time trwo | 85 100 110 


— | os 
o}o 














Column address to W delay time tawo 
CAS set-up time (CAS-before-RAS refresh) 
{CHR 

















n 















































CAS hold time (CAS-before-RAS refresh) 10 15 15 

RAS to CAS precharge time tRPC 5 5 5 

CAS precharge time (C-B-R counter test cycle). tCPT 20 30 30 

Access time from CAS precharge tCPA 3 
Fast Page mode cycle time tPc ns 
Fast Page mode read-modify-write cycle time tPRWC 

CAS precharge time (Fast Page mode) tcp 

RAS pulse width (Fast Page mode) tRASP 

RAS hold time from CAS precharge tRHCP 

OE access time tOEA 

OE to data delay foED 

Output buffer turn off delay time from OE tOEz 
| OE commend hold time fOEH 
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AC CHARACTERISTICS (Continued) 












Parameter 





Write command set-up time (Test mode in) 








Write command hold time (Test mode in) 








ns 


























W to RAS precharge time (C-B-R refresh) ns 

W to RAS hold time (C-B-R refresh) 10° ns 

RAS pulse width (C-B-R self refresh) | 100 100 HS 15 
RAS precharge time (C-B-R self refresh) 130 A 150 ns 15 | 














CAS hold time (C-B-R self refresh) 




























































































TEST MODE CYCLE (Note.12) 
Parameter Symbol; = z + = ul 4 - : | Units | Notes 

Min; Max |; Min; Max | Min, Max ; 

Random read or write cycle time tRC 115 135 ‘| 155 ns | 

Read-modify-write cycle time trwe 190 210 ns 

Access time from RAS tRAC 75; | ~—85|_sons | 3,4,11 

Access time from CAS 25 25} ns | 3,4,5 

Access time from column address Hie 40 AS) ns 3,11 

| RAS pulse width 65 | 10,000) 75 10,000 | 85 | 10,000; ns 

CAS pulse width tcas 10,000} 25] 10,000} 25} 10,000/ .ns 

RAS hold time tRSH 25 | 25 ns 

CAS hold time tCSH 65 75 I 85 ns | 

Column address to RAS lead time tRAL 35 40 45 ns 

CAS to W delay time tewo | 45 | 55 55 | ns. 8 

RAS to W delay time tRWD 90 105 1 15 | ns 8 

Column address to W delay time tawD 60 70 75 |_ns 

Fast Page mode cycle time | tec 45 | 50 55 | ns 

Fast Page mode read-modify-write cycle time | tPRWC | 90 105 | 110 ns 

RAS puise width (Fast Page Mode) _tRASP I 65 | 200,000, 75 | 200,000| 85 | 200,000 ns 

Access time from CAS precharge __tcpa 40. i 45 50| ns 3 

OE access time _toEA ss ss 20 | i 25 | | 25| ns 

OE to data delay toed “20 25 | , 25) ns 

OE command hold time — torH «20 25 26 | ns 
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NOTES 


1, 


a 


An initial pause of 200s is required after power-up 
followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


. Vin(min) and Vit(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max)- are 
assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 100pF and 


Voh=2.0V(louT=2mA), Voi=0.8V(louT=2mA) 


. Operation within the trco(max) limit insures that 
tRac(max) can be met. tRcp(max) is specified as a - 


reference point only. If trcp is greater than the 
specified tRCD(max) limit, then access time is 
controlled exclusively by tcac. 


. Assumes that trcp > tRcb (max). 
. taR, twCR, tOHR are referenced to tRaD(max). 
. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to VOH or VoL. 


. twcs, tRwb, tcwod and tawpd are non restrictive 


operating parameters. They are included in the 


data sheet as electric characteristics only. If twcs > 


twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo>tcwp(min), trwo > 
trRwo(min) and tawD>tawp(min), then the cycle is a 


10. 


11. 


12. 
13. 


14, 


15. 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read 


cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the trap(max) limit insures that 
trRac(max) can be met. trap(max) is specified as a 
reference point only. If trap is greater than the 
specified tRaD(max) limit, then access time is 
controlled by taa. 

These specifications are applied in the test mode. 
In test mode read cycle, the value of tRAc, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

toFF(max) and toez(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. 

4096 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 
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TIMING DIAGRAMS | 
READ CYCLE 


RAS - tar 
Loo ; 
tore trsH 
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‘ : trcH 
tacs 


1. RR | 


=| 


NKR 





KA/L V/A Y VV A/ 
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TIMING DIAGRAMS (continued) 
WRITE CYCLE (EARLY CYCLE) 
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. tras a 
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TIMING DIAGRAMS (Continued) 
READ-MODIFY-WRITE CYCLE 


tawc 
taas—— id 
Vin 
RAS Vi 


tar 


ry taco tas 
Vin — XXA Eon tcas 

= OEE F 
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FAST PAGE MODE READ CYCLE 
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=| 









XXX 


| bal 


= RRR 


Vii ~ WAZ x 


trac 
Vou Wf / (\ 
6 ? ON. 
: y : h VALID 
Pe Yaeae bie “OUT x PY. DATA-OUT 
teiz : teiz teiz : 


Re DON’T CARE 
a” ” 


ELECTRONICS 











KM44V4000A/AL/ALL/ASL. : - CMOS DRAM 


TIMING DIAGRAMS (continuea) | 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


_ : : ae = - 
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TIMING DIAGRAMS (ontinueq) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don’t care 











Viq— 
RAS — 
= Viq— 
CAS 

Vit— 











iY Ga NN, 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Vin, OE, A=Don’t Care 





RAS 








CAS: 





CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version). 
NOTE: W, OE, A=Don't Care , 






RAS Vin — 
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ot. Vin — 9 
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Vit — “ 
Vv — 
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VoL — 
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TIMING DIAGRAMS (continued) 
HIDDEN REFRESH CYCLE (READ) 
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HIDDEN REFRESH CYCLE (WRITE) 


DI 
>i 
n 


> Q 
: > 
n 


3| 


DQ,-DQ, 


ce. eee tre 


tras tras 


tac 
tre tap 
Vin a tar 
Mite = i 
tore 
— 2 7 
“ . 





tasr 


- el Ee guano || an 

1 ERK nSiss DESK SSUES PRR 
Vin — AKA DAANAKA AAA) i 
OR nay 


We — RRR RAK KRG 


L\ LLVAN Z\ rs 







twrH, 










SEX EN 


tou 


vn — RXKXAKKIM_ vase mara DXA RXAAXR 


tour 
DON’T CARE 





) ELECTRONICS a 4 BP aces ¢ 


KM44V4000A/AL/ALL/ASL CMOS DRAM 





TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE tap 
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TIMING DIAG RAMS (Continued) 


TEST MODE IN CYCLE 
Note: OE, Address: Don't Care 


Vin — 


Vi 
taec 


top 


pe 


Pe 


DQ,-DQ; y 


_TEST MODE DESCRIPTION 


The KM44V4000A/AL/ALL/ASL is the RAM organized 
4,194,304 words by 4 bit, it is internally organized 1, 
048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in parallel and retrieved the same 
way. Column address bit Ao and A1 are not used. If, 
upon reading, four bits on one D/Q pin are equal (all 
"1"s or "O"s) the D/Q pin indicates a "1". If they were 
not equal, the D/Q pin would indicate a "0". In "Test 


tac 


tap 
tras 


ARRAY 


LAALZ\ L\ 


KKK KKK 


DMAALADLALN LINDA LAAAS 


OPEN 


Lo DON’T CARE 


Mode", the 4M x4 DRAM can be tested as if it were a 
1Mx4 DRAM. W, CAS-BEFORE-RAS Cycle (Test Mode 
in Cycle) puts the device into "Test Mode". And "CAS- 
BEFORE-RAS REFRESH CYCLE" or "RAS-only Refresh 
Cycle" puts it back into "Normal Mode". The "Test 
Mode" function reduces test time (1/4 in cases of N test 
pattern). 
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PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) Units: Inches (millimeters) 


0.027 (0.69) 
MIN 

















0.260 (6.60) 
0.275 (6.98) 
0.330 (8.38) 






0.012 (0.30) 


0.340 (8.64) 
0.008 (0.20) 





0.295 (7.49) 
0.305 (7.75) 














bed) Eehetes 
0.670 (17.02) ] 0.128 (3.25) 
0.680 (17.27) ; 0.145 (3.68) 








C)Y| 0.004(0.1) 








|__0.050(1.27) 
MAX 











24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(II) (SOOMIL, Forward and Reverse Type) 


0.03 (0.80) 


TYP 
=a |S 


















0.298 (7.57) 
0.302 (7.67) 
0.324(8.22) 

0.359 (9.12) 
0.367 (9.32) 








0.671 (17.04) 
0.679 (17.24) 





0.039 (1.0) 
0.047 (1.20) 


0.005 (0.13) 
0.008 (0.20) 


| 
= 0.048 (1.22) 0.012 (0.30) | | 
0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 
TYP 
0.016 (0.40) | 
0.024 (0.60) 
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PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters) 


0.025(0.64) 
MIN 


| 









6 alg BIS _ 
ro) slo Slm & 
= Sl5 Sl= oo 
8 OIQ2Q3IS F 
+ tit oO 
Oo Ojo o\o & 













0.144(3.66) 
MAX 


0.050(1.27) 
MAX 


0.03 (0.80) 





CY! 0.004(0.1) 
0.050(1.27) 
TYP 





0.015(0.38) » 4 
0.021(0.53) 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 















0.398 (10.11) 
0.402 (10.21) 
0.459 (11.66) 
0.467 (11.86) 





0.039 (1.0) 
0.047 (1.20) 


0.005 (0.13) 
0.008 (0.20) 






iO! 0.003 (0.08) 


F 
= 0.048 (1.22) 0.012 (0.30) | | 
- 0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 
TYP 


0.016 (0.40) | | 
0.024 (0.60) 
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4M x4 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


* Performance range: 


KM44V4100A/AL/ALL/ASL-6 





KM44V4100A/AL/ALL/ASL-7 
KM44V4100A/AL/ALL/ASL-8 








« Fast Page Mode operation 

- CAS-before-RAS refresh capability 

« RAS-only and Hidden Refresh capability 

« Fast parallel test mode Capability 

* TTL compatible inputs and outputs 

» Early Write or output enable controlled write 

* Single+3.3V+0.3V power supply 

* 2048 cycles/32ms refresh (Normal DRAM) 

* 2048 cycles/128ms refresh (Low power & Self Ref.) 
* 2048 cycles/256ms refresh (Super Low power) 
¢ JEDEC standard pinout 

¢ Available in plastic SOJ and TSOP(IN) 


FUNCTIONAL BLOCK DIAGRAM 


GENERAL DESCRIPTION 


The Samsung KM44V4100A/AL/ALL/ASL is a high 
speed CMOS 4,194,304 bit x4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. ; 


The KM44V4100A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM44V4100A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


Ves Generator 


Control Vop 















Refresh Timer 
Posted 


Refresh Control 








Data in 
Buffer 



























Memory Array to 
Refresh Counter 4,194,304 x 4 DQ4 
Cells 





Sense Amps & |O 












Row Address Buffer 
Col. Address Buffer 


Data out 
Buffer 












AO0~A10 





Column Decoder 
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PIN CONFIGURATION (Top Views) 


* KM44V4100 AJ/ALJ/ALLJ/ASLJ * KM44V4100 AT/ALT/ALLT/ASLT + KM44V4100 ATR/ALTR/ALLTR/ASLTR 





/AK/ALK/ALLK/ASLK /AS/ALS/ALLS/ASLS /ASR/ALSR/ALLSR/ASLSR 
Vss Vss Vss (J 
DQ3 DQ4 DQ4 — 
DQ4 DQ3 DQ3 TJ 
CAS CAS CAS 
N.C N.C N.C 
Ag Ag Ag 
Ag Ag As 
A? A? AZ 
AG Ag As 
As As As 
Ag Ag Aa 
Vss Vss Vss 
J: 400MIL T : 400MIL(Forward) . TR : 400MIL(Reverse) 
K : 300MIL S : 8300MIL(Forward) . SR : 300MIL(Reverse) 
































Pin Name Pin Function 
Ao-A10 Address Inputs 
DQi1-4 Data In/Out 

| _Vss Ground 
RAS Row Address Strobe 
CAS Column Address Strobe 
W Read/Write Input 
OE Data Output Enable 
Vop Power(+3.3V) 
N.C No Connection 
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ABSOLUTE MAXIMUM RATINGS 


Symbal 


Voltage on Any Pin Relative to Vss Vin, Vout 
Voltage on Vpp Supply Relative to Vss Vppb 





Storage Temperature -55 to + 150 


Power Dissipation 1 
Short Circuit Output Current 50 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 




















RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 








Parameter 


Supply Voltage 











Vv 





Ground 









Input High Voltage 














Input Low Voltage 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 
Parameter Symbol pte | a | Unt 


KM44V4100A/AL/ALL/ASL-6 100 
KM44V4100A/AL/ALL/ASL-7 7 90 aA 





Operating Current* 















































(RAS and CAS Cycling @tro=min) KM44V4100A/AL/ALL/ASL-8 go | mA 
KM44V4100A 2 mA 
Standby Current KM44V4100AL . 1 mA 
(RAS=CAS=W=ViH ) KM44V41 00ALL 1 mA 
, KM44V4100ASL 1 -| mA 
ora : e KM44V4100A/AL/ALL/ASL-6 100 mA 
ee en. KM44V41 00A/AL/ALL/ASL-7 - | 90 | ma 
ICASSVI, ROD Cycling @tnC mt) KM44V41 00A/AL/ALL/ASL-8 go | mA 
. KM44V4100A/AL/ALL/ASL-6 80 mA 
Sv OHS, Address Cycling @tpc=min.) NEA allt ce Pc 7 ihe Le 
| KM44V4100A/AL/ALL/ASL-8 [ 60 mA 
KM44V4100A 1 mA 
Standby Current KM44V4100AL _ 300 HA 
(RAS=CAS=W=Vpp-0.2V) “KM44V4100ALL 200 | 4#A 
KM44V4100ASL 200 HA 
CS eh Cre Seon Sie 
Reed Cae Cyan ee KM44V41 00A/AL/ALL/ASL-8 80 | mA 
Battery Back Up Current Average Power Supply Current, | 
Battery Back Up Mode, Input High Voltage (ViH}=Vpp-0.2V 
Input Low Voltage (ViL)=0.2V CAS=CAS-Before-RAS Cycling Lae: - ae 5 ; 
or 0.2V Din=Don't Care Trc=62.54S(L-Ver) i 
125uS(SL-Ver), TRas=Tras min.~300ns : 
Self Refresh Current 
RAS=CAS=0.2V 
W=OE=Ao-A1o =Vo-0.2V or 0.2V eee aa 
DQ1~DQ4=Vpp-0.2V, 0.2V or Open 
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DC AND OPERATING CHARACTERISTICS (Continuea) 


(Recommended operating conditions unless otherwise noted) 










Parameter 





Input Leakage Current 
(Any input O< VIN <Vop+0.3V, all other pins not under test=0 volts.) 





Output Leakage Current i Ag 
(Data out is disabled, OV<VouT<Vpp) 0 


Output High Voltage Level (loH=-2mA) VOH 





























Output Low Voltage Level (loL=2mA) 





“NOTE: Icc1, Icc3, Icc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and !cc3, Address can be changed maximum 
two times while RAS=VIL. In Icca, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE (1=25°c, Voo=3.3V, f=1MHz) 


eee eer 


Input Capacitance (Ao~A10) 
Input Capacitance (RAS, CAS, W, OE) 
Input Capacitance (DQ1~DQa4) 


















AC CHARACTERISTICS (0'c<ta<70°C, Vov=3.3V£0.3V, See notes 1,2) 
Test Condition : Vin/Vil=2.0V/0.8V, Voh/Vol=2.0V/0.8V, Output Loading CL=100pF 


oe ee ee ee ee 
Parameter Units | Notes 
Min | Max | Min | Max | Min | Max 








































































































110 130 150 ns 
Read-modify-write cycle time tRwc. | 155 185 205 ns | 
Access time from RAS tRAC 60 70 80} ns | 3,4,11 
Access time from CAS tcac 15 20 | 20} ns | 3,4,5 
Access time from column address tAA 30 35 40| ns ne 3,11 
CAS to output in Low-Z 0 ns 3 
Output buffer turn-off delay 20 0 20) ns 7 
Transition time (rise and fall) 50 3 50] ns 2 
RAS precharge time 60 ns 
RAS pulse width 10,000 L_ 80 10,000 [ ns 
RAS hold time 20 ns 
CAS hold time 80 | ns 
CAS pulse width 10,000 | 20] 10,000] ns 
RAS to CAS delay time 50| 20 60| ns 4 
RAS to column address delay time — 35} 15 40; ns 11 
CAS to RAS precharge time ns | 
Row address set-up time 0 ns 
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AC CHARACTERISTICS (Continued) ~ 























































































































Parameter Symbol; ——s+ : : +— 7 ee 1 = Units | Notes 
‘| Min; Max | Min’ Max | Min. Max | 

Row address hold time tRAH 10 10 I | 10 ns 
Column address set-up time tasc 0 0 | 0 ns 
Column address hold time tCAH 10 15 15 | ns 
Column address hold time referenced to RAS tar 45 55 | 60 ns 6 
Column address to RAS lead time i tRAL 30 35 40 ns 
Read command set-up time _{_ tres 0 0 0 ns 
Read command hold time referenced to CAS tRCH 0 0 0 ns 9 
Read command hold time referenced to RAS tRRH 0 k 0 [ 0 | ns [ 9 
Write command hold time tWCH 10 15 L 15 | ns | 
Write command hold time referenced to RAS twcR 45 55 60 [ns 6 | 
Write command pulse width twp 10 15 15 ns 
Write command to RAS lead time tRWL 15 20 | 20 | ns 
Write command to CAS lead time | tCWL 15 20 20 | ns 
Data set-up time tos 0 | 0 0 ee oe 10 
Data hold time toH 10 15 15 ns 10 
Data hold time referenced to RAS tDHR 55 60 ns 6 
Refresh period (Normal DRAM only) ter | | 32 32 32| ms 
Refresh period (Low power & Self Ref.) tREF | | 128 128 128/ ms 
Refresh period (Super Low power) tREF | 256 256 256]; ms 
Write command set-up time twcs 0 0 geen 0 [ns 8 
CAS to W delay time tcwo | 40 50 50 [ns 8 
RAS to W delay time tRWD 85 100 110 [ ns 8 
Column address to W delay time tawD 55 65 70 ns 8 
CAS set-up time (CAS-before-RAS refresh) |_tcsr 10 |_ 10 | 10 ns 
CAS hold time (CAS-before-RAS refresh) tCHR 10 15 | 15 ns 
RAS to CAS precharge time’ taPc 5 5 5 |_ns 
CAS precharge time (C-B-R counter test cycie) tCPT 20 30 30 | ns 
Access time from CAS precharge : tcPA 35 ~ 40). 45 |_ns { 3 
Fast Page mode cycle time ___| tre 40 | 45 50 | {| fs. 
Fast Page mode read-modify-write cycle time tprwc; 85 100 105 ns 
CAS precharge time (Fast Page mode) tcp 10 10 i 10 ns 
RAS pulse width (Fast Page mode) tRASP 60 | 200,000 | 70 | 200,000 | 80 | 200,000} ns 
RAS hold time from CAS precharge tRHCP | 35 40 | 45 {ns | 
OE access time tOEA 15 20 20; ns 
OE to data delay __|_toep 15 i 20 120] ns | 
Out put buffer turn off delay time from OE | toez 0 15 0 20 0 20} ns eee 
OE commend hold time tOEH 15 20 20 ns 
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AC CHARACTERISTICS (Continued) 


Parameter 


Write command set-up time (Test mode in) 





Write command hold time (Test mode in) 
W to RAS precharge time (C-B-R refresh) 































Units 


Notes 



































































































































W to RAS hold time (C-B-R refresh) twRH | 40 10 10 
RAS pulse width (C-B-R self refresh) tRASS | 100 | 100 100 HS 15 
RAS precharge time (C-B-R self refresh) trps | 110 130 150 ns 15 
CAS hold time (C-B-R self refresh) tcus | -50 -50 ns 15 
TEST MODE CYCLE (Note.12) 
Parameter Symbol Se ew aoe eres ee Units | Notes 
Min; Max | Min; Max {| Min! Max 

Random read or write cycle time tRC 115 ris 
Read-modify-write cycle time [_trwe 160 ns 

Access time from RAS tRAC 85} ns | 3,4,11 
Access time from CAS tcac = 25| ns 
Access time from column address TAA 35 40 45| ns 3,11 
RAS pulse width tRAS 10,000; 75] 10,000; 85] 10,000; ns 

CAS pulse width tcas 10,000; 25; 10,000} 25) 10,000) ns 

RAS hold time tRSH 20 25 25 ns 

CAS hold time tCSH 75 |_ 85 | ns 

Column address to RAS lead time | tRAL 40 oe 45 leeaey | 

CAS to W delay time tcwo 55 55 | ns 8 
RAS to W delay time tRWD 105 115 ns. 8 
Column address to W delay time | _|_tawo ai 70 Bic ns | 

Fast Page mode cycle time tPc 50 55 ns 

Fast Page mode read-modify-write cycle time tpRWwC 105 110] ns if 

RAS pulse width (Fast Page Mode) tRASP 200,000) 75 | 200,000); 85 | 200,000; ns 

Access time from CAS precharge tCPA 40 45 50 ns | 3 

OE access time tOEA 20 25 25| ns 

OE to data delay toED 25 25 | ns 

OE command hold time tOEH 25 25 ns 
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N 
‘ 


OTES 


. Aninitial pause of 200s is required after power-up 


followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


2. Vik(min) and ViL(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and Vit(max) are 
assumed to be 5ns for all inputs. 


3. Measured with a load equivalent to 100pF and 


Voh=2.0V(louT=2mA), Vol=0.8V(louT=2mA) 


4. Operation within the tacD(max) limit insures that 


tRac(max) can be met. tRcD(max) is specified as a 
reference point only. If trcp is greater than the 
specified tRcp(max) limit, then access time is 
controlled exclusively by tcac. 


5. Assumes that tRcD >trcp (max). 
6. tar, twcr, tbHR are referenced to tRAD(max). 
7. This parameter defines the time at which the 


output achieves the open circuit condition and is _ 


not referenced to VOH or VOL. 


. twcs, trwo, tcwD and tawD are non restrictive 


operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcowo>tcwo(min), tawo > 
trwo(min) and tawp >tawp(min), then the cycle is a 


10. 


11. 


12. 
13. 


14. 


15. 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRcH or tRRH must be satisfied for a read 


cycle. 


These parameters are referenced to the CAS 


leading edge in early write cycles.and to the W 
leading edge in read-write cycles. 

Operation within the tRaD(max) limit insures that 
trRac(max) can be met. tRaD(max) is specified as a 
reference point only. If trap is greater than the 
specified tRAo(max) limit, then access time is 
controlled by taa. 

These specifications are applied in the test mode. 
In test mode read cycle, the value of trac, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters shouid be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

toFF(max) and toez(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. 

2048 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 
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TIMING DIAGRAMS 
READ CYCLE 
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TIMING DIAGRAMS £(continuea) 
WRITE CYCLE (EARLY CYCLE) 
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TIMING DIAGRAMS (Continued) 
READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS £(continuea) | 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAMS continued) 


RAS-ONLY REFRESH CYCLE 
_ Note: W, OE = Don't care 
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NOTE: W=Vin, OE, A=Don’t Care 
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KM44V4100A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 
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TIMING DIAGRAMS (continued) | 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE fee 
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TIMING DIAGRAMS (Continued) 


TEST MODE IN CYCLE 
Note: OE, Address: Don’t Care 
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TEST MODE DESCRIPTION 


The KM44V4100A/AL/ALL/ASL is the RAM organized 
4,194,304 words by 4 bit, it is internally organized 1, 
048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in parallel and retrieved the same 
way. Column address bit Ao and Ai are not used. If, 
upon reading, four bits on one D/Q pin are equal (all 
"1{"s or "O"s) the D/Q pin indicates a "1". If they were 
not equal, the D/Q pin would indicate a "0". In "Test 


LEKKI) 









ARK KXAN 


LA 


















x? 
IY, 


LVYMALALZAS 








OPEN 


Re DON’T CARE 


Mode", the 4M x 4 DRAM can be tested as if it were a 
1Mx4 DRAM. W, CAS-BEFORE-RAS Cycle (Test Mode 
in Cycle) puts the device into "Test Mode". And "CAS- 
BEFORE-RAS REFRESH CYCLE" or "RAS-only Refresh 
Cycle" puts it back into "Normal Mode". The "Test 
Mode" function reduces test time (1/4 in cases of N test 
pattern). 
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PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) 


Units: Inches (millimeters) 


0.027 (0.69) 
MIN 








: 
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0.670 (17.02) 0.128 (3.25) 
0.680 (17.27) 7 0.145 (3.68) 











0.050(1.27) 
MAX 








24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(II) (SOOMIL, Forward and Reverse Type) 


0.03 (0.80) 









0.367 (9.32) 


0.324(8.22) 
0.359 (9.12) 





0.298 (7.57) 
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0.016 (0.40) | 
0.024 (0.60) 
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PACKAGE DIMENSIONS | 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters) 


| | 0.025(0.64) 
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MOS DRAM 


4M x4 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES 


¢ Performance range: 


ne Tae [me [oe 
[ATOR [ens [Tw [Hts | P| 


¢ Fast Page Mode with Extended data out 

¢ Self Refresh Operation (LL-ver. only) 

« CAS-before-RAS refresh capability 

- RAS-only and Hidden Refresh capability 

¢ Fast parallel test mode Capability 

‘© LVTTL compatible inputs and outputs 

¢ Early write or output enable controlled write 

« Single+3.3V + 0.3V power supply 

¢ 4096 cycles/64ms refresh (Normal) 

« 4096 cycles/128ms refresh (Low power & Self Ref.) 
« 4096 cycles/256ms refresh (Super Low power) 
¢ JEDEC standard pinout 

» Available in plastic SOJ and TSOP(II) 












FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks 






GENERAL DESCRIPTION 


The Samsung KM44V4004A/AL/ALL/ASL is a high 
speed CMOS 4,194,304 bitx4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM44V4004A/AL/ALL/ASL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM44V4004A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


Vop 
Vss 
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Refresh Timer 


Refresh Control 
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Row Address Buffer 
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Column Decoder 
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4,194,304 4 
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KM44V4004A/AL/ALL/ASL CMOS DRAM 





PIN CONFIGURATION (Top Views) 


« KM44V4004 AJ/ALJ/ALLJ/ASLJ + KM44V4004 AT/ALT/ALLT/ASLT +» KM44V4004 ATR/ALTR/ALLTR/ASLTR 
AK/ALK/ALLK/ASLK AS/ALS/ALLS/ASLS ASR/ALSR/ALLSR/ASLSR 





T : 400MIL(Forward) TR : 400MIL(Reverse) - 
SR : 300MIL(Reverse) 


J: 400MIL 
K : 3OOMIL S: 300MIL(Forward) 



















A 
DQ1~DQ4 Data In/Out 

Vs Ground 
Row Address Strobe 


Address Inputs 

Ss 

AS Column Address Strobe 
DD 


Data Output Enable 


Read/Write Input 
[OE 





Vv Power(+3.3V) 
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KM44V4004A/AL/ALL/ASL CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS 


Voltage on Any Pin Relative to Vss 





* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS — referenced to Vss, TA=0 to 70°C) 


Operating Current* 
| (RAS and CAS Cycling @trc=min.) 


Standby Current 
(RAS=CAS=W=Vin ) 


RAS-Only Refresh Current* 
(CAS=Vin, RAS Cycling @trc=min.) 


Hyper Page Mode Current* 
(RAS=Vit, CAS, Address Cycling @tec=min.) 


Standby Current 
(RAS=CAS=W=Vpp-0.2V) - 


CAS-Before-RAS Refresh Current* 
(RAS and CAS Cycling @trc=min.) 


Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage (Vin)=Vop-0.2V 
Input Low Voltage (Vi)=0.2V CAS=CAS-Before-RAS Cycling 
or 0.2V DQi~DQ4=Don't Care tac=31.25us(L-Ver) 
62.5us(SL-Ver), tRas=tras min.~300ns 


Self Refresh Current 
RAS=CAS=0.2V 
W=OE=Ao-A11=Vop-0.2V or 0.2V 
DQi~DQ4=Vop-0.2V, 0.2V or Open 
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KM44V4004A/AL/ALL/ASL-7 
KM44V4004A/AL/ALL/ASL-8 
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DC AND OPERATING CHARACTERISTICS (Continued) 


(Recommended operating conditions unless otherwise noted) 






Input Leakage Current 


Parameter 


(Any input O< VIN <VoD+0.3V, all other pins not under test=0 volts.) 


he 





















| 
Output Leakage Current 

(Data out is disabled, OV<Vout<Vob) ot | Met era 
Output High Voltage Level (loH=-2mA) VOH 2.4 - Vv 
Output Low Voltage Level (loL=2mA) VoL - 0.4 V 




















*NOTE: Icc1, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. in Icc4, Address can be changed maximum once within one Hyper Page cycle. 


CAPACITANCE (ta=25°c, Vov=3.3V, f=1MHz)) 





Input Capacitance (Ao~A11) 


a ee ee eee 








Input Capacitance (RAS, CAS, W, OE) 





Output Capacitance (DQ1~DQa) 









AC CHARACTERISTICS (°c<tTa<70°C, Vov=3.3V+0.3\, See notes 1,2) 
Test condition: Vin/Vii=2.0V/0.8V, Voh/Vol=2.0V/0.8V, Output Loading CL=100pF 













































































































































































6 -7 -8 
Parameter Symbol Units | Notes 
Min | Max | Min | Max_| Min | Max_| 

Random read or write cycle time | tre 110 130 | 150 ns : 
Read-modify-write cycle time trwc | 155 185 205 ns 
Access time from RAS _ tRAC 60 70 80} ns | 3,4,11 
Access time from CAS | toac 15 | 20 20} ns | 3,4,5 
| Access time from column address taA 30 | | 35 40; ns 3,11 
CAS to output in Low-Z tciz 3 3 3 | ns 3 
OE to output in Low-Z . tolz 3 3 Bei 3 | ns 3 
Output buffer turn-off delayfrom CAS tCEZ 3 15 3 20 3 20} ns | 7,1 ie) 
Transition time (rise and fall) tr 2 | 2 50 2 50 | -ns 2 
RAS precharge time tRP 40 50 | 60 ns 
RAS pulse width tRAS 60 | 10,000 70 | 10,000 80} 10,000 
RAS hold time tRSH 15 20 
CAS hold time tCSH 45 60 ns at 
CAS pulse width tCAS 10 |. 10,000 10000 | 20 | 10,000; ns 
RAS to CAS delay time tRCD 20 45 50 20 | als us | 
RAS to column address delay time tRAD 15 30 15 | 35 15 40 | ns 11 
CAS to RAS precharge time tcrP 5 5 s| ssn 
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AC CHARACTERISTICS (Continued) 


a 


Row address set-up time a ae a 
Row address hold time eo} | 10 
Column address set-up time jw [of To 














Column address hold time tCAH 
Column address hold time referenced to RAS taR 
Column address to RAS lead time | tra 
Read command set-up time tRCS 





Read command hold time referenced to CAS tRCH 





| |}o}— [ee] 
oOo nonin oa 


Read command hold time referenced to RAS 





Write command hold time 











Write command hold time referenced to RAS twcr | | 60 | 
Write command pulse width twP | | as 
Write command to RAS lead time tRWL 


Write command to CAS lead time 


= |r 
a 

rm | 
o/|0 


Data set-up time 

Data hold time 

Data hold time referenced to RAS 
Refresh period (Normal) 


Refresh period (Low power & Self Ref.) 
Refresh period (Super Low power) ltr | | 256] | 256] | 256] ms | 
"| Write command set-up time twes naan ee Rares 
CAS to W delay time tcwD 40 | | so 50 ns 8 

RAS to W delay time trwo | 85 || 400 | 110 | ns 


8 
Column address to W delay time tawD | 55] | 70 ns 8 
CAS precharge to W delay time tcPpwD | 60, 75 | ns | 38 | 
CAS set-up time (CAS-before-RAS refresh) tesa | 10 10 — ns 
ic | 
tRec 


2a 
Go |2 
—_ —_ | oe hilo 
oO o;}n a}o 


= 
a 
— 
on 
—_a [oa 
oO 1|oO 





cad Oma 


ao bo 
m {© 
Th 1D 

a 












































CAS hold time (CAS-before-RAS refresh) 
RAS to CAS precharge time 


CAS precharge.time (C-B-R counter test cycle) tcpr | 20 a 
= 
o0| | 











Access time from CAS precharge tCPA 








Hyper Page cycle time tHPC 


























Hyper Page read-modify-write cycle time tHPRWC fl esf 96 
CAS precharge time (Hyper Page cycle) lice =| 101 10 a 
RAS pulse width (Hyper Page cycle} tRasp 200,000 nae 80 | 200,000| ns 

RAS hold time from CAS precharge tRHCP | 35 

OE access time | tOEA Hy 15 2} 8} 2} 
OE to data delay toED 15 7 ee es ee ee 
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AC CHARACTERISTICS (continued) 


Parameter 


Output buffer turn off delay time from OE 





tOEZ 3 15 


-7 -8 
M Max | Min; Max 








in 
-3| 20] 3] 20] ns | 7,14 | 
20 2o| | ns | 






































































































































































































OE commend hold time tOEH 15 
Write command set-up time (Test mode in) twis 10 10 10 ons | 
Write command hold time (Test mode in) tWTH 10 10 
W to RAS precharge time (C-B-R refresh) twrP 10 10 
W to RAS hold time (C-B-R refresh) twRH 10 10 ns 
| Output data hold time tDOH 5 5 ns 7,16 
OE to CAS hold time tOCH 5 5 | ns 
CAS hold time to OE | tCHO 5 5 ns 
OE precharge time toEP 5 5 ns 
es Lo 
W pulse width(Hyper Page cycle) al twPE 5 | 5 ns 
Output buffer turn off delay from RAS tREZ 15 3 20 S 20} ns | 7,14,16 
W | 

Output buffer turn off delay from W twez 15 3 20 3 20; ns 7,14 
aa) DV peal ————3| 
W to data delay tWeED 20 20 ns 

+ + — 
RAS pulse width (LL-Ver) trass 100 100 HS 15 
RAS precharge time (LL-Ver) taps 130 150 ns 15 
CAS hold time (LL-Ver) tCHS | so] | sof -50 ns 15 

TEST MODE CYCLE (Note.12) 
Parameter 
Random read or write cycle time tRC ns 
Read-modify-write cycle time 190 210 | ns 
Access time from RAS 65 75 85; ns | 3,4,11 
Access time from CAS 20 20 | 251 ns | 3,4,5 
-———~—| 
Access time from column address 35 40 45} ns 3,11 
RAS pulse width 10,000} 75, 10,000; 85); 10,000| ns 
CAS pulse width 10,000} 20} 10,000! 25] 10,000} ns 
NEE r 
RAS hold time 25 25 ns 
CAS hold time 55 | - 65 |_ns 
Column address to RAS lead time 40 45 |_ns 
ian as 
CAS to W delay time ;__55 55 ns 8 
RAS to W delay time 105 115 ns 8 
Column address to W delay time 70 75 ns 8 
Hyper Page mode cycle time 34 39 ns 
Hyper Page mode read-modify-write cycle time 91 101 | ns 
RAS pulse width (Hyper Page Mode) 65 | 200,000! 75 ; 200,000! 85/ 200,000; ns 
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TEST MODE CYCLE (Continueq) 


Parameter 





Access time from CAS precharge 





OE access time tOEA 














OE to data delay ; toED 




















OE command hold time 





TEST MODE DESCRIPTION 


The KM44V4004A/AL/ALL/ASL is the CMOS DRAM 
organized 4,194,304 words by 4 bit internally organized 
1,048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in parallel and retrieved the 
same way. Column address bit Ao is not used. If upon 
reading, two bits on one I/O pin are equal (all "1" or 
“O"s) the I/O pin indicates a "1". If they were not equal, 
the I/O pin would indicate a "0". In "Test Mode", the 
4Mx4 DRAM can be tested as if it were a 1Mx4 DRAM. 


NOTES 


1. An initial pause of 200us is required after power-up 
followed by any 8 RAS cycles before proper device 
operation is achieved. 

2. Vin(min) and ViL(max) are reference levels for 
measuring timing of input signals. Transition times 
are measured. between Vixn(min) and Vit(max) are 
assumed to be 5ns for all inputs, without tupc and 
tHPRWC. : 

3. Measured with a load equivalent to 100pF and 
Voh=2.0V(louT=2mA), Vol=0.8V(louT=2mA) 

4. Operation ‘within the trRcp(max) limit insures that 
trRac(max) can be met. trcp(max) is specified as a 
reference point only. If tacp is greater than the 
specified trcp(max) limit, then access time is 
controlled exclusively by tcac. 

. Assumes that tacb >trcp (max). 

. tar, twcr, tDHR are referenced to tRaD(max). 

. This parameter defines the time at which the 
output achieves the open circuit condition and is 
not referenced to VoH or VoL. 

8. twcs, tRwbd, tcwD and tawop are non restrictive 

' operating parameters. They are included in the 

data sheet-as electric characteristics only. If twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo>tcwo(min), tawo> 
trwp(min) and tawd =>tawp(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


NOM 

















W and CAS before RAS Cycle (WCBR, Test Mode In 
Cycle) puts the device into "Test Mode", And "CAS 
before RAS Refresh Cycle" or RAS Only Refresh 
Cycle" puts it back into "Normal Mode". In the Test 
Mode, "W and RAS Refresh Cycle" peforms.the refresh 
operation with internal CBR refresh address counter. 
The "Test Mode" funcition reduces test time (1/4 in 
cases of N test pattern) 


9. Either tRCH or tRRH must be satisfied for a read 
cycle. 

10. These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

11. Operation within the tRap(max) limit insures that 
trRac(max) can be met. trap(max) is specified as a 
reference point only. If tRAD is greater than the 
specified tRaD(max) limit, then access time is 
controlled by taa. 

12. These specifications are applied in the test mode. 

13. In test mode read cycle, the value of trac, taa, tcac 
is delayed by 2ns to 5ns far the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

14. trwz(max), tcez(max), twez(max) and toez(max) 
define the time at which the output achieves the 
open circuit condition and are not referenced to 
output voltage level. 

15. 4096 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 

16. If RAS goes high before CAS high going, the open 
circuit condition of the output is achieved by CAS 
high going. If CAS goes high before RAS high 
going, the open circuit condition of the output is 
achieved by RAS high going 

17. tasc 2 tcp(min), Assumn tt=2-0ns 
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TIMING DIAGRAMS 
READ CYCLE 


terp 






torp 


ot Vin — — 
os XX 


Vit 


Na = A 





XOXK) 


; et 
nV OK acts) w TSB DORK 








Wn RRR | ROOM 
oF Rh MOO 





| = 
toez 
tREZ ; 


Nae n ORY 
DQ1-DQ4 ' es OPEN KX VALID DATA-OUT 
ol 


forz 


WY DON’T CARE 
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TIMING DIAGRAMS (Continued) 
WRITE CYCLE (EARLY CYCLE) 





tras 


tac 
‘ : trp 
AAS Vin Sta 
Vi : 
torp tcrp 
Pr tcesH ; 
Vin — XX KX bese J 
= SR ae, 
aes ie 
Fee 


























Ve —~ LIAS trap 

Wn — KD = Qf conan AX ORRIN SHR 
AT RK ncBBtes DEOL SERBS DR IK 
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ae eo a= KOO 

-—.—_-| twor 
/+—~ tawe 

OE Vi \/ \/ YVYSVA/ \/ 
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tour 
WRITE CYCLE (OE CONTROLLED WRITE) 


tac 


trp 





tras 
Vino 
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, tar 
torp 
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teal tasc 








OQ 
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TIMING DIAGRAMS ( continueg) 
READ-MODIFY-WRITE CYCLE 





tawe 

















— tras _ ue 
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tere tar 
fe] taco tas ———__________~ 
Vin XXF : tcas — 
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— Vin RAL DPTDD)VVVID 
OF XXX 
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trac toez ton , 
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teiz - 
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TIMING DIAGRAMS continued) 
HYPER PAGE WRITE CYCLE (EARLY WRITE) 


— trasP tae 
RAS , : = . tar truce 
saad zeae tasH 
Vin — al ACS tcas \Sea\ae: tcoas tcas 
Vit 
_ tasr a F Stet 
Vin — XX hae (X X» 
x pee ae YX Gp Xx Sim 
ae YX) YYXXX XK 
We RE Sas as Jee 


aa ERE aa sa smo MMMM 


tox 


aoe SDE SO EID 


tour 


HYPER PAGE READ-MODIFY-WRITE CYCLE 


Vin 
RAS tar 
Vit _— v, 
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HYPER PAGE READ AND WRITE MIXED CYCLE 
ieee ae ia aa pak aaa pa 


ViH — READ(tCAC) 1 READ(tCPA) WRITE READ(tAA) 
t 
1 


RAS Vit — 
le 
Sau = 
ma 
A Viq — eee) Sou fe ES OO V/\/ 
ADDRESS XxX 


Vit ~ Ne ri een) oe aa 











Vi — 
Vit — 
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oe ay tas XX 
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ae ath i 
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Vvot 
/\ /N 
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TIMING DIAGRAMS £(continuea) 
HIDDEN REFRESH CYCLE (READ) . 
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HIDDEN REFRESH CYCLE (WRITE) 
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TIMING DIAGRAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE=Don’t Care 
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_CAS-BEFORE-RAS REFRESH CYCLE 
Note: OE, Address=Don't Care 


| 


me 
> 
n 











fas bos + torr VVVYVVYVV VY 

oe es POG 

Tn EER UMNSIUUMNUNNUNNGMINNNy 
DQ,-DQ, _Y OY COO OAD OPEN 


KY DON'T CARE 


ELECTRONICS 





KM44V4004A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE ted 
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TIMING DIAGRAMS continued) 


TEST MODE IN CYCLE 
_ Note: OE, Address: Don’t Care 
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PACKAGE DIMENSIONS | 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) Units: Inches (millimeters) 


0.027 (0.69) 
MIN 
ia ——® 




















—| — mae la 
oO}; st olo 

Sake BIS a5 aS 
a Lio B/S gis 
[=] o|;oO N 

8/8 O/L Sls 8\S 
4/3 QIN S[4a S/S 
o\°0 Olio of/o o[°o 














= 
0.670 (17.02) zl 0.128 (3.25) 
0.680 (17.27) 0.145 (3.68) 


{| 


0.050(1.27) | 0.015(0.38) 
TYP 0.021(0.53) 











0.026(0.66) 
0.032(0.81) 





0.050(1.27) 
MAX 





24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(II) (S00MIL, Forward and Reverse Type) 


0.03 (0.80) 
TYP 


as 









0.298 (7.57) 
0.302 (7.67) 
0.367 (9.32) 


0.359 (9.12) 





0.671 (17.04) 








0.679 (17.24) 


0.039 (1.0) 
0.047 (1.20) 


0.005 (0.13) 
0.008 (0.20) 


7 


al 0.048 (1.22) 0.012 (0.30) | 
0.052 (1.32) 0/020 (0.50) 0.037 (0.95) 


. TYP 
0.016 (0.40) [ a 
0.024 (0.60) 








IC] 0.003 (0.08) 
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PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters) 


- | |_0.025(0.64) 
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soil) 0.015(0.38) | : 0.026(0.66) 
TYP 0.021(0.53) 0.032(0.81) 

















0.050(1.27) 
MAX 








24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 


0:03 (0.80) 
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0.398 (10.11) 
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0.423 (10.76) 
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0.459 (11.66) 
0.467 (11.86) 
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4M x4 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES 


¢ Performance range: 


Te Pie [oe | ee 
ATTAINS | | 6m | ts | 2 
RaWAOARUALUASCT | Tr [ans [ts |Z 
WA ARURLIASA | Br | As |e | Oe 


* Fast Page Mode with Extended data out 

* Self Refresh Operation (LL-ver. only) 

- CAS-before-RAS refresh capability 

+ RAS-only and Hidden Refresh capability 

¢ Fast parallel test mode Capability 

+ LVTTL compatible inputs and outputs 

¢ Early write or output enable controlled write 

« Single+3.3V +0.3V power supply 

* 2048 cycles/32ms refresh (Normal) 

+ 2048 cycles/128ms refresh (Low power & Self Ref.) 
* 2048 cycles/256ms refresh (Super Low power) 
« JEDEC standard pinout 

» Available in plastic SOJ and TSOP(I) 






FUNCTIONAL BLOCK DIAGRAM 






RAS 
GAS Control 
Clocks 

WwW 






Refresh Timer 


Tae 
== 






Ao~Ato 


Vop 
Vss 
VBB Generator 









Column Decoder 


GENERAL DESCRIPTION 


The Samsung KM44V4104A/AL/ALL/ASL is a high 
speed CMOS 4,194,304: bitx 4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM44V4104A/AL/ALL/ASL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM44V41 04A/AL/ALL/ASL is fabricated using 


, Samsung's advanced CMOS process. 
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08 DQi 
Memory Array Q to 
4,194,204x4° | & | ao 
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a 
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Data out 
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PIN CONFIGURATION (Top Views) 


+ KM44V4104 AJ/ALJ/ALLJ/ASLJ 
AK/ALK/ALLK/ASLK 





J: 400MIL 
K : 30OMIL 


° KM44V4104._AT/ALT/ALLT/ASLT 
AS/ALS/ALLS/ASLS 


Vss 
DQ4 
DQ3 


CAS 


Vss 





T : 400MIL(Forward) 
S: 300MIL(Forwara) 


Pin Name 


inName | PinFunction 








No Connection 


* KM44V4104 ATR/ALTR/ALLTR/ASLTR 


ASR/ALSR/ALLSR/ASLSR 


Vss 
DQ4 
DQ3 

CAS 

OE 

Ag 


Ag 
A7 
Ag 
As 
Ag 
Vss 





TR : 400MIL(Reverse) 
SR : 300MIL(Reverse) 








ei” 
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ABSOLUTE MAXIMUM RATINGS 


Voltage on Any Pin Relative to Vss 
Voltage on Vpp Supply Relative to Vss 


Storage Temperature ~ 
Power Dissipation 
Short Circuit Output Current 


-0.5~ 4.6 
-0.5~ 4.6 


-55 to + 150 





* Permanent device damage may occur if "ABSOLUTE MAXIMUM oe _ | are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING See t= (Voltage referenced to Vss, Ta=0 to 70°C) 


Supply Voltage 

Input High Voltage 

Input Low Voltage 
Operating Current* 


(RAS and CAS Cycling @trc=min.) 


Standby Current 
(RAS=CAS=W=Vu ) 


RAS-Only Refresh Current" 
(CAS=ViH, RAS Cycling @tRc=min.) 


Hyper Page Mode Current" 
(RAS=ViL, CAS, Address Cycling @trc=min.) 


Standby Current 
(RAS=CAS=W=Vpp-0.2V) 


CAS-Before-RAS Refresh Current* 
(RAS and CAS Cycling @trac=min.) 


Battery Back Up Current Average Power Supply Current, 
Battery: Back Up Mode, Input High Voltage (ViH)=Vop-0.2V 
Input Low Voltage (Vit}=0.2V CAS=CAS-Before-RAS Cycling 
or 0.2V,DQ1~DQ4=Don't Care tac=62.5us(L-Ver) 
{25us(SL-Ver), tras=tras min.~300ns 


Self Refresh Current 
RAS=CAS=2.0V 
W=OE=A0-A10=Vop-0.2V or 0.2V 
DQ1~DQ4=Vop-0.2V, 0.2V or Open 


uid 
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KM44V4104A/AL/ALL/ASL-6 
KM44V4104A/AL/ALL/ASL-7 
KM44V/4104A/AL/ALL/ASL-8 


KM44V4104A 
KM44V4104AL 
KM44V4104ALL 
KM44V4104ASL 


KM44V4104A/AL/ALL/ASL-6 
KM44V4104A/AL/ALL/ASL-7 
KM44V41 04A/AL/ALL/ASL-8 


KM44V4104A/AL/ALL/ASL-6 
KM44V4104A/AL/ALL/ASL-7 
KM44V4104A/AL/ALL/ASL-8 


KM44V4104A 
KM44V4104AL 
KM44V4104ALL 
KM44V4104ASL 


KM44V4104A/AL/ALL/ASL-6 
KM44V4104A/AL/ALL/ASL-7 
KM44V4104A/AL/ALL/ASL-8 


KM44V4104AL 
KM44V4104ASL 


KM44V4104ALL 
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DC AND OPERATING CHARACTERISTICS (Continueg) 


(Recommended operating conditions unless otherwise noted) 








fey Go ee ee, ag Sy wea stag ote. Steno aa) ee imac et] 
Parameter Symbol; Min | Max | Units 
Input Leakage Current lit -10 és A 
(Any input 0<Vin <VoD+0.3YV, all other pins not under test=0 volts.) ay; # 
{ | _L 
Output Leakage Current lo -10 10 iA 


| (Data out is disabled, OV < Vout <Vbb) 


za re: 
| Output High Voltage Level (loH=-2mA) VOH 2.4 - | V 
Output Low Voltage Level (lo.=2mA) , VoL hee | 0.4 V 
“NOTE: Icct, Icca, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 


the output open. icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. In Icc4, Address can be changed maximum once within one Hyper Page cycle. 


























CAPACITANCE (1=25°C, Vov=3.3Vv, f=1MHz)) 


Input Capacitance (Ao~A10) 





Input Capacitance (RAS, CAS, W, OE) 
Output Capacitance (DQ1~DQ4) 








AC CHARACTERISTICS (’c<ta<70°C, Voo=3.3V'+0.3V, See notes 1,2) 
Test condition: Vin/Vil=2.0V/0.8V, Voh/Voi=2.0V/0.8V, Output Loading CL=100pF 


6 -7 -8 
Parameter Symbol Units | Notes 
| Min| Max | Min| Max | Min| Max 
















































































Random read or write cycle time pe _| 150 {ons | i 
Read-modify-writ le ti 185 205 ns 
ead-modify woe ime hs | 2) | ns | | 
| Access time from RAS 60 ne a 70 80| ns | 34,11 | 
Access time from CAS 15 20 “| 20| ns 4 3,45 | 
Fi aaa a 
ccess time from column address 30 35 40 a ns i 3,11 at 
am = " 
CAS to output in Low-Z 3 | 2 af 48s LE 3 
OE to output in Low-Z | 3/ iB 3 ns | 
| Output buffer turn-off delay from CAS 15 3| 50 3|| 20; ns | 7,14,16 
7 ica oe | 
Transition time (rise and fall) 50 2 20 2} 50] ns 2 
RAS precharge time __ | 50 allt 60 | | ns Bt | 
RAS pulse width 10,000 | 70} 10,000 | 80 {sooo | ns | | 
RAS hold time “AG i 20] ns | 
CAS hold time | 50 | is 60 | eas 
CAS pulse width 10,000 | 15} 10,000} 20) 10,000} ns 
RAS to CAS delay time 45} 20 50} 20 60] ns 4 
B20) ie 
RAS to column address delay time 30 | 15] 35 15 f 40) ns 11 
CAS to RAS precharge time 5 5 . ns 











: SUN Ga 839 


ELECTRONICS 





KM44V4104A/AL/ALL/ASL | CMOS DRAM 





AC CHARACTERISTICS (Continued) 




























































































































































-6 -7 8 
Parameter Symbol iz = Units | Notes 
i Max | Min| Max | Min| Max 
Row address set-up time tASR 0 0 ns 
Row address hold time __| tRAH | of At. 10 al ns | 
Column address set-up time tasc 0 ks [_ 0 ns _| 
= j z 

Column address hold time tCAH 15 at [ 15 Ee + 

rae i. : 
Column address hold time referenced to RAS tar | 55 60 “I ns 6 
Column address to RAS lead time tRAL | 35 ie iz ul ie ‘i 

{— 

Read command set-up time _| tres | 0 if 0 ia ns | 
Read command hold time referenced to CAS ie tRCH 0 | 1 of |_ns 9 
Read command hold time referenced to RAS [_tRRH 0 Tol _|_ ns 9 ] 
Write command hold time tWCH 15 ie |_ns 4 
Write command hold time referenced to RAS twcr 7 55 | eo | ns 6 

= i =P els 7 
Write command pulse width twp 15 |. 15 ns : 
Write command to RAS lead time : tRWL 20 | [ 20 ns 
Write command to CAS lead time | tCWL | 15 | at 20 ns 
Data set-up time | tps 0 | 0 0 ns 10 
Data hold time tDH | ol | 15 15 ns 10 
Data hold time referenced to RAS | {DHA | 45, 55 60 ns 6 
Refresh period (Normal) tREF ao) 32 32 32} ms 
Refresh period (Low power & Self Ref.) “tREF 128 128 128 lms | | 
Refresh period (Super Low power) 256 256 256; ms | __ el 
Write command set-up time | 0 it iF o| ns 8 
CAS toWdelay time : 50 50 | ns 8 1 
RAS to W delay time 100 al 110 ns 8 
Column address to W delay time a 65 | |_70 ns 8 | 
CAS precharge to W delay time 70 | | 75| ns 8 
CAS set-up time (CAS-before-RAS refresh) 10 | | 10] ns 
eee : eaar = ; 7 
2 ae (CAS-before-RAS refresh) 15 | _ 15 ihe ns 
RAS to CAS precharge time i 5 om | 9 | ns a 
CAS precharge time (C-B-R counter test cycle) 30 | ul 30 iL ns | fl 

= [< [i 
Access time from CAS precharge 35 | 40 45] ns 3 | 
i, ae ea 

Hyper Page cycle time - 4A 28 | 34 | ns 4 17 | 
Hyper Page read-modify-write cycle time | 86 | 96] rs 17 
CAS precharge time (Hyper Page cycle) 10 i 10 4 ; [ns 1 
RAS pulse width (Hyper Page cycle) 200,000} 70 | 200,000 i 80 | 200,000 | _ns 
RAS hold time from CAS precharge | 40 + 45 = ns 7 
OE access time . T 45 L 20 ust aul ns = 
OE to data delay , 20 20 ns 
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AC CHARACTERISTICS (Continued) 


Parameter mba 


Output buffer turn off delay time from OE | toez 










































































































































































































































OE commend hold time tOEH 
Write command set-up time (Test mode in) twis 
Write command hold time (Test mode in) twTH 
W to RAS precharge time (C-B-R refresh) twrP 
W to RAS hold time (C-B-R refresh) twRH 
Output data hold time tDOH 
OE to CAS hold time tocH 
CAS hold time to OE tCHO 
OE precharge time ; toEP 
W pulse width(Hyper Page cycle) twPE 
Output buffer turn off delay from RAS tREZ 
Output buffer turn off delay from W _ twez 
Ms to data delay tweD 
RAS pulse width (LL-Ver) tRASS 
RAS precharge time (LL-Ver) | tres | 110 | 
‘|CASholdtime vey | tos | so] | 50] | so] | ns | 8 
TEST MODE CYCLE | . (Note. 12) 
ce: i ar am ad 
Parameter Symbol Units | Notes 
Min | Max | Min| Max 
Random read or write cycle time tRC 115 135 155 ns 
Read-modify-write cycle time trwc | 160 190 210 ns 
Access time from RAS tRAC | 75 85} ns | 3,4,11 
Access time from CAS =] tcac 20 20 25| ns al 
Access time from column address taa 35 40] . 45] ns 3,11 
RAS pulse width tRAS - 10,000; 75] 10,000} 85] 10,000) ns | 
CAS pulse width tcas 10,000; 20] 10,000 25 10,000} ns _ 
RAS hold time tRSH 25 fe 25 ns 
CAS hold time tcsH 55 65 = ns ~ _| 
| Column address to RAS lead time [ow le 40 «| ns 
CAS to W delay time tcwo 55 55 ns 8 
RAS to W delay time tRWwD 105 “eal 115 i [ons 8 
Column address to W delay time tawD 70 | ran ns 8 
Hyper Page mode cycle time : “| tue thes ae ns | 
Hyper Page mode read-modify-write cycle time tHPRWC 91 101 ns 
65 | 200,000} 75] 200,000} 85 | 200,000] ns 














RAS pulse width (Hyper Page Mode) tRASP 
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TEST MODE CYCLE continued) 


Parameter 


Access time from CAS precharge 
OE access time 














OE to data delay 
OE command hold time 





TEST MODE DESCRIPTION 


The KM44V4104A/AL/ALL/ASL is the CMOS DRAM 
organized 4,194,304 words by 4 bit internally organized 
1,048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in parallel and retrieved the 
same way. Column address bit Ao is not used. If upon 
reading, two bits on one I/O pin are equal (all "1" or 
"0"s) the I/O pin indicates a "1". If they were not equal, 
the I/O pin would indicate a "0". In “Test Mode", the 
4Mx4 DRAM can be tested as if it were a 1Mx4 DRAM. 


NOTES 


1. An initial pause of 200«s is required after power-up 
followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 

2. ViH(min) and Vit(max) are reference levels for 
measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 
assumed to be 5ns for all inputs, without tHepc and 
tHPRWC. 

3. Measured with a load equivalent to 100pF and 
Voh=2.0V(louT=2mA), Voi=0.8V(louT=2mA) 

4, Operation within the trcp(max) limit insures that 
trac(max) can be met. trcp(max) is specified as a 
reference point only. If tacb is greater than the 
specified trcp(max) limit, then access time is 
controlled exclusively by tcac. 

5. Assumes that trop > tRcb (max). 

6. tar, twcr, tbHR are referenced to tRaD(max). 

7. This parameter defines the time at which the 
output achieves the open circuit condition and is 
not referenced to VoH or VoL. 

8. twos, trwp, tcwD and tawp are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs> 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tewo>tcwo(min), tawo> 
trRwp(min) and tawo >tawp(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 

_ of the data out is indeterminate. 


ee? 
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[toss | 20] | 25) 











W and CAS before RAS Cycle (WCBR, Test Mode In 


_Cycle) puts the device into "Test Mode", And "CAS 


before RAS Refresh Cycle" or RAS Only Refresh 
Cycle" puts it back into “Normal Mode". In the Test 
Mode, "W and RAS Refresh Cycle" peforms the refresh 
operation with internal CBR refresh address counter. 
The "Test Mode" funcition reduces test time (1/4 in 
cases of N test pattern) 


9. Either tRcH or tRRH must be satisfied for a read 
cycle. 

10. These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

11. Operation within the tRap(max) limit insures that 
trac(max) can be met. tRap(max) is specified as a 
reference point only. If tRAD is greater than the 
specified trap(max) limit, then access time is 
controlled by taa. 

12. These specifications are applied in the test mode. 

13. In test mode read cycle, the value of trac, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

14. tREz(max), tcEz(max), twez(max) and toez(max) 
define the time at which the output achieves. the 
open circuit condition and are not referenced to 
output voitage level. 

15. 2048 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 

16. If RAS goes high before CAS high going, the open 
circuit condition of the output is achieved by CAS 
high going. If CAS goes high before RAS high 
going, the open circuit condition of the output is 
achieved by RAS high going 

17. tasc 2 tcp(min), Assumn tr=2.0ns 
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READ CYCLE 
os OY <= 
oy eect VY alia | 
Vin — \/ OCC, is al 
W BE Py: oo ROY 
FE AOR OOS 


ba,-pa, “ov 


Vo.— 


a 
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OPEN 





t 
eee tCEz 

tcac toez 
tREZ 


™ 
a 
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TIMING DIAGRAMS (Continued) 
WRITE CYCLE (EARLY CYCLE) 


tre 


tras 
Vin 


Vio 


. tone tcRP- 
wae == 
OFS OY = 





Vii 






tasr 


Vin 


en, Ce Ra OC SE SoHE KY i Tam MO 
apa XX 


=| 


a XOX 


Vit 


KY 


— XRAY Way na IY 
ice ~ Leo IK vate SATAN KKK KEK RRR 


toHr 


al 
m 
<< 


WRITE CYCLE (OE CONTROLLED WRITE) 


Vin oo 
Vi 


Sr, NO 





-~ 
2 
a 


D 
> 
a 


3 
> 
a 
<< 


IL 


tasr tasc 
RAH 


ve — ROK aofls DQ RSME DRUK OIA PPeenerneie 


tra 


> 


Vin 


ORR IRR KON 


S| 


——towL 
taw 


oe SOON tog too OS, 
pa004 SOL vat onan DNS SKIS 


RY cow care 
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TIMING DIAGRAMS (continued) 
READ-MODIFY-WRITE CYCLE 





























Vin 
RAS Vii — 
tor 
Vin — “VWF 
- BAEC ; 
Beg eae 
as. a KKK a 
Wavy i= ROK XXIII IDI XIAP 
tawo tawe 
|| tcwo towt 
Vin — wel AIIVYVYY 
w Vi = = Hees 
taa— 
OE Viq ore es as 
Fe KKK 
trac toes 
ViioH — . YN 
: : toiz . 
HYPER PAGE READ CYCLE 
: tRASP tRP 
AAS = a Pe , tRHCP 
: tCRP LTT ve — aie a 
GAS a = (XY tRAD tCAS — cage 
tos i Ee 4 l= 
taSR mw mM ame 
. ee te va (al = a 
nM XCAR DRT Sones I coos YM Tee OX? 
chm =e 
<a na 
= iH AAASVYYV VV Y ¥ 
OE a = XXX XANES 


Vi — 
pa:-par vor | ay ee Oa 






ae tCAC | 


VoH — 
tCLZ 
VALID 
DATA OUT 
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TIMING DIAGRAMS (Continued) 
HYPER PAGE WRITE CYCLE (EARLY WRITE) 


trasp tae 


——s = : t 
‘RAS ; tar RHCP 


t t 
Vin —- ARKF t t t 
a iY \ CAS — teas CAS 
a -Y ia ea ee | i 
Seas 
y 


Pe Fi = 
IH —VVY) x Ly \/ \/ = VV 
nT RRR Bow RN aouunee DOD KOK SEER DRY 
Ho \/ VV Lb et i (A/V VV) 
JM ge eee ON Tee Hoods 
fe | 


(?) 
a 


tasr 


< 


=| 
< 


XI 
towL 


Pare TSK, tit DRG itn DRS tit DESK 


tour 


HYPER PAGE READ-MODIFY-WRITE CYCLE 





3 
> 
a 
<< 
a 2 
| 

DvD 
ti 

vD 








3 
(és, 
<# 
| | 
Oc 
y | ST] 
- 
ar 
7 
FI 


sles Tee 
sD ee SSSA ttt KS SSO S OI 
aie om 

Vin — AALHVVVA 

Viv SK ys y el sew i. 

| 


twe 
~ tawo 
a 7 3 ; 
— ceed aD 
or 1H 
Vi : 
: taa 
tees a , La tou 
: 2 trac 
— YY YY YAY 
com, O-HO OO) HO R 


S| 





VALID 


\ VALID VALID 2 VALID 
DATA-OUT DATA-IN DATA-OUT DATA-IN 


RY ont cane 
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HYPER PAGE READ AND WRITE MIXED CYCLE 


tcp 














tRASP pees 
__ Vin — READ(tCAC) i READ(tCPA) | WRITE i READ(LAA) 
RAS Vi H H ! 
Lo 1 t 
tHPC tHPC tHPC 
4 
i t 
CAS vi a tcas tcas as 
Vi — = lem 
vl -_ —H E 
ie Vin — eral ee IE [oe XXX S fcovumn > XXX co. COOK. 
vi — /\ = ( ADDRE — amie A/\ ie ADDRESS. Xx) appR W\/\/\ A /\ 
ln tRCH 
ee Py Te 
u Vi — T oe L\ 
OE ViqH — ek ORK Ay 
Vw — /\/V/VV/\ 
toca |. Nee tREz 
ie cae 
hae tCLz 
WOH — MY VALID VALID Pe M\% VALID 
DQi~DQs aia. YY \ DATA-OUT ee DATA- ee) { DATA-IN YX Data-ouTP 
tcLz 


KY Don't Care 
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TIMING DIAGRAMS 6 continued) 
HIDDEN REFRESH CYCLE (READ) 


DQ,-DQ, 


= 


tras 


=| 
tou 


00) =: ‘at ee EEE KOXX OGD 


tacs 






RO RY 


tREZ 


AREER 


may | 


Ve — SKS ISSO 


terc twez -——~| toez 
—— trac 
Yor — — 
VALID DATA-OUT 
Vo. — 


HIDDEN REFRESH CYCLE (WRITE) 


S| . 


DQ,-DQ, 


tras 


. Vin 
— Vu 
a 


afl (pees | = () Uncen 


= ADDRESS a eo RS wy 
se — RR ets 


USM Ut Gt lMSN QGP MCU MCNAstCUUCO ASU OUU ALU ALOCLICLICOLICOALO ICO ACOACUO 















boOOy SOP MNnr reins 


EGIL _ vaio vara DK CN Qnneennen 


RY DON’T CARE 


tour 
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KM44V4104A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE=Don't Care 




























Wr OX ants PRS SII 


CAS-BEFORE-RAS REFRESH CYCLE 
Note: OE, Address=Don’t Care 








oo Pe Vin — sa tour VYVYVVYVYVYYV 
FE RRS NRO 
7000 OP - 


KY DON'T CARE 
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- TIMING DIAGRAMS continueg) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE . tay 
RAS 


Viq — tras 
Vv 


kL — 


tort RSH 


tcas Bi 

ee ail 

Vin — KXKK KKK KK XXX TIIVV XX VAY frases DAMA tah \/V/ XX , 

Be RI {Sau HOAX 
neo ores | = Bis 


tacn 





tesr , 
Vin — t 
Vi — E 


XX 














TV ROW Cetera RY 
: tWEZ 

tREZ 

Min = PAA AKAALSIVM AA APY AAA AAAI VA AA? \ / VYV/V/ \/ 

FE OI AO 


f\ 
ot 
Vou— Ry 


4 
eae [2] iss 
twrp ae Ea 
& 


Vu — JV RA/)VV YYVYVY 
aT NEL 


¥ Vi — XX xX) 
Vin — V/V V/V V/V/V VYSVY ee YS YY \/ VAV AV AV AW 4 YY 
Fn REO IKI GOIN KICK 


XY LVMVNALANSN Ls 


WRITE CYCLE 















. Vin — a YWYVY YVVY YY YYYY _— YWYYY YAY YY VY 
oe OM TS 


READ-MODIFY-WRITE | os 
= Vu — AVYVG EKA VA wey KIIVVTVY 
WY RY |e 


tox] 
t 


tan al 
es NTA ae Ae, 


Vion ¥, G B VV 
P00 BE DM REX 


Wo — «a 
VALID DATA-OUT VALID DATA-IN 


KM DON'T CARE 
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TIMING DIAGRAMS 6( continued) 


TEST MODE IN CYCLE 
Note: OE, Address: Don’t Care 


t 
Veo RAS 





RAS bias 
oe a TARE NINNS 
a EX XXXII DAA 
Te BRR LE SI KKK 
tcEz 
poniay <0 p— OPEN 


Vor — 


RY DON'T CARE 
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PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (S00MIL) Units: Inches (millimeters) 


— 0.027 (0.69) 
= MIN 














| 
| 
Penal 
i 


0.305 (7.75) 
0.275 (6.98) 
0.340 (8.64) 
0.008 (0.20) 
0.012 (0.30) 


0.330 (8.38) 





a, 
0.295 (7.49) 
0.260 (6.60) 














0.128 (3.25) 
0.145 (3.68) 











0.670 (17.02) 
0.680 (17.27) 























(an) | 0.004(0.1) 
0.050(1. _ 0.015(0.38) : | 0.026(0.66) 
TYP 0.021(0.53) 0.032(0.81) 
0.050(1.27) 
MAX 





24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(II) (SOOMIL, Forward and Reverse Type) 


0.03 (0.80) 
TYP 


i 







Ri = a|a 
6 |S g = | 
StS Se 
2 }a = ® 
=) alz B@!e 
a | 8 & 3 | 
oj) 3 S|o 











7 














alo 
S1q 
0.671 (17.04) Naa aes 
oS 
0.679 (17.24) S13 
S\o 0.005 (0.13) 
0.008 (0.20) 








Cy 0.003 (0.08) (HoH eS ESHH ESD 


ad 0.048 (1.22) 0.012 oso | 
0.082 (1.32) 0.020 (0.50) 0.037 (0.95) 
TYP 


0.016 (0.40) 
0.024 (0.60) 
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PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) 


‘ Units: Inches (millimeters) 


0.025(0.64) 
MIN 








: 


9.65) 
(10.90) 
(11.30) 


0.360(9.10 





0.380( 
0.430 
0.445 








0.008(0.20) 


0.400(10.16) 
| ; 


| 
[- 











| 0.144(3.66) | 
MAX 














} cE 
J 





r 0.725(18.42) ' 

















O| 0.004(0.1) 
0.050(1.27) a seieieas | L 0.026(0.66) 
TYP 0.021(0.53) | 0.032(0.81) 

: 0.050(1.27) 


MAX 





24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 


(400MIL, Forward and Reverse Type) 
, 0.03 (0.80) 


























ala 
0.723 (18.36) © cil 
5 | O;nm 
‘ 0.727 (18.46) | 
\ slic 0.005 (0.13) 
‘ t 0.008 (0.20) . 











‘ Ia] 0.003 (0.08) | E a Ou ee ee ia 5 d 


3 }- | : 
: 0.048 (1.22) 0.012 (0. 20 
E | 0.052 (1.32) 0.020 (0: 2 F | 0.037 (0.95) 
. typ 


0.016 (0.40) [ i 


0.024 (0.60) 
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KM48C2000A/AL/ALL/ASL CMOS DRAM 





2M x8 Bit CMOS Dynamic RAM with Fast Page Mode 








FEATURES GENERAL DESCRIPTION 
« Performance range: The Samsung KM48C2000A/AL/ALL/ASL is a high 
= speed CMOS 2,097,152 bitx8 Dynamic Random 
Access Memory. Its design is optimized for high 
KM48C2000A/AL/ALL/ASL-5 50ns 13ns 90ns performance applications such as mainframes, mini 
KM48C2000A/AL/ALL/ASL-6 60ns 15ns | 110ns computers, graphics and high performance portable 
computers. 





KM48C2000AVAL/ALL/ASL-7 | 7Ons 20ns | 130ns 
KM48C2000A/AL/ALL/ASL-8 | 80ns 20ns }| 150ns 





The KM48C2000A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 














« Fast Page Mode operation 

« Byte Read/Write operation 

- CAS-before-RAS refresh capability 

« RAS-only and Hidden Refresh capability 
« Fast parallel test mode Capability 

Ban as of cet ele Cols re The KM48C2000A/AL/ALL/ASL is fabricated using 
» Single+5.0V + 10% power supply Samsung's advanced CMOS process. 

¢ 4096 cycles/64ms refresh (Normal) 

* 4096 cycles/128ms refresh (Low power & Self Ref.) 

« 4096 cycles/256ms refresh (Super Low power) 

+ JEDEC standard pinout 

« Available in plastic SOJ and TSOP(Il) packages 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


FUNCTIONAL BLOCK DIAGRAM 







Control 
Clocks 





Vcc 
Vss 


aaa 












Data in 
Buffer | 
































Refresh Control e Dat 
i, Memory Array 2 to. 
\ Refresh Counter 2,097,152 x8 < DQ8 
4 Cells 2 
4 P| Row Address Buffer D 
\ pene Data out 
Buffer 


Column Decoder 


A0~A8 


Col. Address Buffer 
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KM48C2000A/AL/ALL/ASL CMOS DRAM 





PIN CONFIGURATION (Top Views) 


* KM48C2000 AJ/ALJ/ALLJ/ASLJ * KM48C2000 AT/ALT/ALLT/ASLT ~.KM48C2000 ATR/ALTR/ALLTR/ASLTR 


























Pin Name Pin Function 
Ao-A11 mi Address Inputs 
DQ1~8 {| Data In/Out | 
Vss Ground 
RAS |__Row Address Strobe 
CAS Column Address Strobe — 
Ww ~ | Read/Write Input _| 
OE Data Output Enable 











Vcc Power(+5.0V) 
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" ABSOLUTE MAXIMUM RATINGS 





























Parameter 
Voltage on Any Pin Relative to Vss _ Vin, Vout -1to +7.0 
Voltage on Vcc Supply Relative to Vss ec -1 to +7.0 + Vv “| 
Been Temperature Tstg | -55 to + 150 + °C 
Power Dissipation Pp 1 W 
Short Circuit Output Current = los | _ 50 mA - 7 





* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 


absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMEN DED OPERATING CONDITIONS (Voltage referenced to Vss, TA=0 to 70°C) 





Parameter Symbol 





Supply Voltage 








Ground 















Input High Voltage 

















Input Low Voltage 














DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 






































Parameter Symbol} Min | Max | Units 
KM48C2000A/AL/ALL/ASL-5 90 mA 
Operating Current* KM48C2000A/AL/ALL/ASL-6 ae 80 mA 
(RAS and CAS Cycling @trc=min.) KM48C2000A/AL/ALL/ASL-7 70 mA 
KM48C2000A/AL/ALL/ASL-8 60 mA 
KM48C2000A 2 mA 
Standby Current KM48C2000AL ees 1 mA 
(RAS=CAS=W=Vin ) KM48C2000ALL 1 mA 
L KM48C2000ASL 1 I mA 
Pane KM48C2000A/AL/ALL/ASL-5 eis 90 mA 
RAS-Only Refresh Current* KM48C2000A/AL/ALL/ASL-6 ike 80 mA 
(CAS=Vin, RAS Cycling @trc=min.) KM48C2000A/AL/ALL/ASL-7 70 mA 
KM48C2000A/AL/ALL/ASL-8 - af — 60 {oe 
KM48C2000A/AL/ALL/ASL-5 80 mA 
Fast Page Mode Current* KM48C2000A/AL/ALL/ASL-6 6 70 mA 
(RAS=Vit, CAS, Address Cycling @tpc=min.) KM48C2000A/AL/ALL/ASL-7 60 mA 
KM48C2000A/AV/ALL/ASL-8 50 mA . 
} 
KM48C2000A i 1 | mA 
Standby Current KM48C2000AL lac 300 HA 
(RAS=CAS=W=Vcc-0.2V) KM48C2000ALL 200 | BA 
KM48C2000ASL 200 uA 
KM48C2000A/AL/ALL/ASL-5 90 mA 
CAS-Before-RAS Refresh Current* KM48C2000A/AL/ALL/ASL-6 leks ; 80 mA 
(RAS and CAS Cycling @trc=min.) KM48C2000A/AL/ALL/ASL-7 70 mA 
KM48C2000A/AL/ALL/ASL-8 60 mA 
af T 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(Vin)=Vcc-0.2V 
Input Low Voltage(Vit)=0.2V CAS=CAS-Before-RAS asia Icc7 - Bs 7 < 
Cycling or 0.2V Din=Don't Care Trc=31.254S(L-Ver.) : 
62.5uS(SL-Ver), TRasS300ns 
859 
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DC AND OPERATING CHARACTERISTICS (continued) 











Parameter 


Self Refresh Current 
RAS=CAS=0.2V 
W=OE=Ao-A11=Vcc-0.2V or 0.2V 


| DQ1-DQs=Vec-0.2V, 0.2V or Open 


Input Leakage Current ° 
(Any input O< Vin <Vcc+0.5V, all other pins not under test=0 volts.) 


KM48C2000ALL 





(a) -10 10 HA 





Output Leakage Current 


(Data out is disabled, OV<Vout<Vcc) jc Mela a 


+ |__| 


Output High Voltage Level (loH=-5mA) Vou 2.4 - V 

















Output Low Voltage Level (loL=4.2mA) VOL - - 0.4 V 











*NOTE: Icc1, Icc3, Icca and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is’specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=ViL. In Icc4, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE ta-25°c, voc=5v, f=1MHz) 



















































































Input Capacitance (Ao~A11) 
Input Capacitance (RAS, CAS, W, OE) 
Input Capacitance (DQi1~DQs) 
AC CHARACTERISTICS (0°c<Ta<70°C, Vcc=5.0V +0.5V, See notes 1,2) 
oe) -6 -7 -8 ; 
Parameter Symbol a wax | 7g ae a Units | Notes 
Random read or write cycle time tRC 90 110 130 __ 150 ns 
| Read-modify-write cycle time tawe | 133 195 | | 185 205 | |_ns 
Access time from RAS tRAC 60 70 80] ns | 34,11 | 
Access time from CAS tcac ) 15 | 20 | 20} ns | 3,4,5: 
Access time from column address tAA 30 35 |- 40| ns | 3,14 
CAS to output in Low-Z j to 0 0 0 0| ns | 3 
Output buffer turn-off delay tOFF 0 0; 15 0 20 0 20] ns 7 
Transition time (rise and fall) le 3 3 50; 3 50 3 50; ns L 2 
_| RAS precharge time trp 30 40 im 50 60 al ns | 
RAS pulse width tRAS 50 | 10,000 | 60/ 10,000 | 70 | 10,000 | 80 10,000} ns - 
eas test | 13 15 — | 20 20 az aa ns 
‘AS hold time tcsH 50 60 70 80 ns 
CAS pulse width {cas 13 “15 10,000 | 20 |. 10,000 20 | 10,000 ns_| | 
RAS to CAS delay time . trcp | 20 20 45) 20 50 | 20 | 60| ns | 4 
RAS to column address delay time — tRAD 15 15 i 30 | 15 35 15 | 40} ns | een 
CAS to RAS precharge time tow | 5 5 | 5 5 | ns | 
Row address set-up time taSR 0 0 0 0 ns 
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AC CHARACTERISTICS (continued) 
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Parameter Symbol — = : ] a a Units | Notes 
: Min| Max ; Min; Max | Min) Max 

Row address hold time |_ tRAH , 10 | {ns 
Column address set-up time | tasc | 0 | ns | 
Column address hold time tCAH 15 ns 
Column address hold time referenced to RAS taR [ 60 | | ns 6 | 
Column address to RAS lead time tRAL 40 ns 
Read command set-up time _|_tAcs | 0 | ns | 
Read command hold time referenced to CAS au tRCH {| 0 | | _ns i] | 
Read command hold time referenced to RAS tRRH 0 ns J 
Write command hold time twcH 15 ns 
Write command hold time referenced to RAS twor 60 | ns 6 | 
Write command pulse width ‘ twp { ns 
Write command to RAS lead time {_tRWL i 20 ns | 
Write command to CAS lead time tCWL 20 { |_ ns 
Data set-up time tbs 0 ns 10 
Data hold time tOH 15 ns 10 
Data hold time referenced to RAS tDHR 60 ns 6 
Refresh period (Normal) tREF 64 64) ms 
Refresh period (Low power & Self Ref.) tREF. 128 128 | ms 
| Refresh period (Super Low power) tREF 256 256 | ms 
Write command set-up time | twcs L 0 | {ns 8 | 
CAS to W delay time tcwo 50 {ns 8 
RAS to W delay time tRWD 110 ns 8 ] 
Column address to W delay time |_tawo i 70 | ns 8 
CAS set-up time (CAS-before-RAS refresh) tCsR | 10 ‘li |_ns 
CAS hold time (CAS-before-RAS refresh) tCHR 15 ns 
RAS to CAS precharge time | tRPC 5 | ns | 
CAS precharge time (C-B-R counter test cycle) tcPT 30 | ns 
Access time from CAS precharge tCPA 40 45] ns 3 | 
Fast Page mode cycle time tPc l 50 | | ns | 
Fast Page mode read-modify-write cycle time tPRWC | 105 a {ns a | 
CAS precharge time (Fast Page mode) tcP 10 ns 
RAS pulse width(Fast Page mode) tRASP 200000 | 80 200000; ns 
RAS hold time from CAS precharge tRHCP | 45 | | ns 
OE access time tOEA 20 ie 20 | ns | 
OE to data delay |_toep 20 | - ns 
Output buffer turn off delay time from OE | toez 20 | - 20| ns | 
OE command hold time tOEH 20 | ns 
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AC CHARACTERISTICS (Continued) 
ee 


Parameter 


Write command set-up time (Test mode in) 





Write command hold time (Test mode in) 
Wo RAS precharge time (C-B-R refresh) 
Wio RAS hold time (C-B-R refresh) 

| RAS pulse width (C-B-R self refresh) 
RAS precharge time (C-B-R self refresh) 

















CAS hold time (C-B-R self refresh) 


twis | 10) 


a 








of | 0 
toss | 100] | 10 | 
[wes | oof | sto] | 10 














00 
0] | 60] | ns | 8 
tos | so] so] so] fo} ts | 8 


eer 
[twee | of | of | 0 


pane 
| | of | , 


|| roof f toof fs | 8 




















































































































TEST MODE CYCLE (Note.12) 
-8 

Parameter ieee i un Notes 
Random read or write cycle time 
Read-modify-write cycle time 
Access time from RAS 3,4,11 
Access time from CAS 3,4,5 
Access time from column address 3,11 
RAS pulse width j 75 , 
CAS pulse width 18| 10,000| 20} 10,000/ 25 | 10,000) 25 10,000| ns 
RAS hold time trsH_ | 18 | 25] | 25} | ns | 
CAS hold time tose | 55 65 5 85 fe 
Column address to RAS lead time __|_ tRAL 30 35 40 45 
oe to y delay time | tcwo | 41 a: | 35 | 56 | ns 8 | 
RAS to W delay time tRwo | 78 90 105 115 ns 8 
Column address to W delay time =f tawo | 53 60 — 70 ali = 3 
Fast Page mode cycle time | | 40 4 | [a i | 55 oth Lil 
Fast Page mode read-modify-write cycle time tprwc| 81 90 105 110 ns 
RAS pulse width (Fast Page Mode) | trasp | 55 | 200,000 | 65 | 200,000 [76 200,000) 85 | 200,000; ns 
Access time from CAS precharge {_tePA 35 | 40 l 45 | 50 ioe 3 
OE access time |_ toEA 18 ale 20 | | 05 | at 25| ng i. 
OE to data delay __ | toeo | 18 20 2 25 | at 25 | | ns 
OE command hold time toeH | 18 20 25 ie 25 | ns 
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NOTES 

1. An initial pause of 200s is required after power-up read-write cycle and the data output will contain 
followed by any 8 CBR or ROR cycles before the data read from the selected address. If neither 
proper device operation is achieved. of the above conditions are satisfied, the condition 

2. Vid(min) and Vii(max) are reference levels for of the data out is indeterminate. 
measuring timing of input signals. Transition times 9. Either tRcH or tRRH must be Satisfied for a read 
are measured between ViH(min) and Vit(max) are cycle. a. 
assumed to be 5ns for all inputs. 10. These parameters are referenced to the CAS 

3. Measured with a load equivalent to 2 TTL loads leading edge in early write cycles and to the W 
and 100pF leading edge in read-write cycles. 

4. Operation within the trcp(max) limit insures that 11. Operation within the tRap(max) limit insures that 
tRAc(max) can be met. tacp(max) is specified as a trac(max) can be met. trap(max) is specified as a 
reference point only. If trcp is greater than the reference point only. If trap is greater than the 
specified trcp(max) limit, then access time is specified trad(max) limit, then access time is 
controlled exclusively by tcac. controlled by taa. 

5. Assumes that trcp >trcp (max). 12. These specifications are applied in the test mode. 

6. tar, twcR, tDHR are referenced to tRAD(max). 13. In test mode read cycie, the value of tRAc, tad, tcAc 

7. This parameter defines the time at which the is delayed by 2ns to 5ns for the specified value. 
output achieves the open circuit condition and is These parameters should be specified in test mode 
not referenced to VoH or VoL. cycles by adding the above value to the specified 

8. twcs, tRwD, tcwD and tawo are non restrictive value in this data sheet. 
operating parameters. They are included in the 14. torF(max) and toez(max) define the time at which 
data sheet as electric characteristics only. If twcs> the output achieves the open circuit condition and 
twcs(min) the cycle is an early write cycle and the are not referenced to output voltage level. 
data output. will remain high impedance for the 15. 4096 cycle of burst refresh must be executed 
duration of the cycle. If tewo>tcwo(min), tawo> within 16ms before and after self refresh, in order 
tRwp(min) and tawp>tawp(min), then the cycle is a to meet refresh specification. 

TIMING DIAGRAMS 
READ CYCLE 
eee tre 
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2 ee NI 
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Vit— t | tRAD a Pe 
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w We CRY ON uuNl, 
fo -tAA 
Vin— VY ASMVY{VVVV YN JV A/ DASA/ LL AAA/VVVAA/A/VV VY VVVVVVY 
OE ye RRR RRR KK | 
t+——— tcac- torr 
‘ _ trac toez 

DO-D0, yo OPEN X 








KX DON’T CARE 
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TIMING DIAGRAMS (continued) 


WRITE CYCLE (EARLY WRITE) 
2 |. tre 


tras tre 














— Viq— 
RAS : 


Vit— . 
tcre 
Vi— , 


tar 
tase == ae 
A Vie— FREER RRR KREXKXKXKKERK KRY 
CANN tooness) YX 


vu DAA Ky ADDRESS JNA AKAKAAAX WKY) 




















































twes 
— Vip— TITANIA ATAAD | | AV AV.WaVAVAV.©V,VAV.V.WAVAVATAV ATAVAVAW AVA AV AWA VAVAWVAVAVAVAV.© 
: Vi ROXANE TTX 
—|twor 
: tRWL 
eens Vin— VVVVVVVYYYVYVYVVVYVVYVYYYVVYV YWYAAYVV YY YVVVYY VVVYV YY VYVYVSYVVYYVYYVUVYV \/) 
OE Vie ARERR KORA 
tos oT toH 


ViH— 
DQ;-DQz, Vise ( VALID DATA-IN J OPEN eens 


WRITE CYCLE (OE CONTROLLED WRITE) ~ 





























}_________-_________ tre 
— tRAS + trp 
« £ : 
tcrp [Fe jo 
t+ tracp trsH — 
ad Vit 
CAS Gs Fc \ \ toas = 
f Vin— AIA CAAAKAKAAATI NATIT AN AINA 
A vi ROOXRN ABBhess sores —_ DOORN KKK KKK RY 
aot 
—_ Vip— VVVUVV¥ VY JV SV VV VVV ¥ (A/V VV VV VVV VY VVV Y YYVVY YVVYVVYVV 
: Va — SRR KKXXX LRA SRK RAY KAKXXYORKKXXKXEXY 
\toeH 
eae 
Vip— UVVY VV VVSYVV VVV VV VV VY AINSI VV AA/VV VV VVVVVVYVVYVVVYVVY 
va WOODY SAKA KKXXXRKKAXA 
tox ht } 
Da,0% yr KKK, vat oarain RYN 


KXjooss CARE . 
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TIMING DIAGRAMS (Continued) 
READ-MODIFY-WRITE CYCLE 



































































































































































eae ro ote isis emcee omen TRAP eat seagate aha e pes car ee 
pk ee le et ee ae ge ea te te a el 
RAS 
CAS 
A Vin— AAR : "aravavs¥a¥aa¥atava¥ava¥avata¥.¥a¥aata¥.Va¥a¥als¥a¥a"a¥ 
ee ICKY 
= tran - chiar ae te towl ay 
7 Jen menfr me Sr la tRWD-7 —— bee— taWE 4 
se ViIH— IIYYY YX K VV OX 
fos ar ees ones 
toes 
OE We ORR 
It—- MAAAAAAAAAAAAAAAAA ox 
tcac- “tos, Pere 
a trac mt , 

: ViioH — Af VALID KYIV YY KV VV YX 
er ee a EE MOON 
FAST PAGE MODE READ CYCLE : 

—— — — trasp — See ety ee erates OL 
RAS ie —— tar-————- : é 
Vit— 
| tpc ite RHCP 
clef ee traco-—~J tcp sae 
Sons Vin— tcas 
CAS \\ tcas tcas - { / 
Vit— i 
trad cst a nese 
tasa tRAH tasc CAH CAH: tasc] | tcaH 
ViHE— IO rrOW (XX) = LUMN WAY XXX) COLUMN WAXXXK XK rcocoNN XX XXX XXX/ 
i Vit— A) ao0 } 4 Y ( SB5RYSS ) XXX {ADDRESS | vy YW xy ( xporess OXKAXXX 4 
t ! 
eee ah ea fc fe a 
w — Oy a y | OOO? 
- \) KK XX) y | ) lL. ) 69, ALA 
Vit tan i] ea i tian rata ara’ 
OEA esl CPA 
aa Vin~ RAYVYVYVVVY VY VeVi KYVYYYVYVY toEA KXY VY ry (OFA YY AD AA/YVV 
OE Vic OX |_ ARN | ARINC 
tcac | torr t torr 
: CAG tcac 
po ae — togz rats lees . tow ~ ; torr 
— 5 : 7 -1l \, 
kX DON’T CARE 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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RAS / \ 
= trcp tcp ia 7 came 
CAS ] : \\ tcas \—-tcas ; \ tcas / / 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don’t care 











ViH— 
RAS Vii— 
tcrP , trec 
pea Vip— 
CAS 
Vit— 








RSENS EEE EEE 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Vin, OE, A=Don’t Care 











aces ViH— 
RAS 

Vit— 

ViH— 
CAS 

Vit 





| torr 
VuioH — 
DQ;-DQs ViloL a 4 OP EIN rere ae 


CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
_ NOTE: W, OE, A=Don't Care 






RAS Vin 
Vit — 
es Vi — 
CAS 
Vit 
VoH — 
. DQ,-DQg, Vou 





DON'T CARE 
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TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 











tac tre 
tras trp tras trp 
Viq— ; 
RAS taR 
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Vir— QOOXXQOO ee AX XAXXAXAXAX XK AXAXX AMX X AXA 
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TIMING DIAGRAMS continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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— ViH— 
RAS 
Vit 
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CAS ves 
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Fie SOOO a 
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| ae | I torr 
: = 
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WRITE CYCLE Fahl 
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tewL- 
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w vie CXR RAE - AYR WERKE 

ae Vip— AA/MJSVVVVA/VVVVVVV V VV VV AVIV VW IV VV VV VV VV VV VVVV VV VV VV VV VV 
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. tow. 
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yo Vin— VAWVYVV AYA /VVVV/VV VV Vig twp AIA /AA/VVVJV/¥ 
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PACKAGE DIMENSION 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


CTLICILICILCICICICICLIT] l 
fi , | | 0.026(0.66) 
0.032(0.81) 0.140(3.56) 


0.148(3.76) 


0.027(0.69) 









0.720(18.29) 
0.730(18.54) 






0.375(9.53) 


0.365(9.27) 
0.445(11.30) 





0.435(11.05) 






0.395(10.03) 
0.405(10.29) 
0.008(0.20) 
0.01 2(0.30) 












SR ae eee 
ALTA TATA PUTT SU NT 
Sareniihal| [> sven ee 


28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 


Units: Inches (millimeters) . 


Soe) 


0.050(1.27) 
MAX 


0.740 (18.80) 0.03 i 80) 





0.459 (11.66) 
0.466 (11.86) 






0.398 (10.11) 
0.402 (10.21) 
0.423 (10.76) _ 





0.005 (0. L___ 0.008 10.13) 


0. 
0.037 (0.95) eee 


0.041 (1. _{ 0.041 (1.08) 






0.722 (18.36) . 
0.726 (18.46) 


ne 
LO} 0.08 max _| ee PE ee 


0.037 (0.95) | S | | 0.048 (1.22) | 0.016 (0. wo} 
0.052 (1.32) 0.020 (0.50) 






0.016 (0.40) 
0.024 (0.60) 
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2M x8 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


« Performance range: 









tRAC 





KM48C2100A/AL/ALL/ASL-5 
KM48C2100A/AL/ALL/ASL-6 
KM48C2100A/AL/ALL/ASL-7 
| KM48C21 OOA/AL/ALL/ASL-8 


















¢ Fast Page Mode operation 

« Byte Read/Write operation 

« CAS-before-RAS refresh capability 

¢ RAS-only and Hidden Refresh capability 

¢ TTL compatible inputs and outputs 

« Early write or output enable controlled write 

¢ Single+5.0V+ 10% power supply 

¢ 2048 cycles/32ms refresh (Normal) 

* 2048 cycles/128ms refresh (Low power & Self Ref.) 
« 2048 cycles/256ms refresh (Super Low power) 
¢ JEDEC standard pinout 

¢ Available in plastic SOJ and TSOPi(II) 


FUNCTIONAL BLOCK DIAGRAM 






Control 
Clocks 


Ves Generator 


GENERAL DESCRIPTION 


The Samsung KM48C2100A/AL/ALL/ASL is a high 
speed CMOS 2,097,152 bit x8 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM48C2100A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All , 
inputs and outputs are fully TTL compatible. 


The KM48C2100A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 

















Refresh Timer 


Refresh Control 


Refresh Counter 
Row Address Buffer 
Col. Address Buffer 







AQ~A10 


A0~AQ 




















Data in 
Buffer 









DQ1 
to 
DQ8 


Memory Array 
2,097,152 x 8 
Cells 









Sense Amps & IO 





Coiumn Decoder 
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MOS DRAM 


PIN CONFIGURATION (top views) 


_ * KM48C2100 AJ/ALJ/ALLJ/ASLJ : * KM48C2100AT/ALT/ALLT/ASLT + KM48C2100 ATR/ALTR/ALLTR/ASLTR 


° 


1 
2 
3 
4 
5 
6 
7 
8 
9 












































Pin Name . Pin Function | 
“ Ao-Ato | Address Inputs x ; i | 

DQ1~8 Data In/Out 

Vss Ground 7 

RAS Row Address Strobe 

CAS | Column Address Strobe 

W |. ReadMrite input ; 

OE | Data Output Enable 

Voc | Power(+5V) = 
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ABSOLUTE MAXIMUM RATINGS 




















Voltage on Any Pin Relative to Vss Vin, VouT -1to +7.0 Vv 
Voltage on Vcc Supply Relative to Vss Vcc -1 to +7.0 Vv 
Storage Temperature Tstg ~55 to + 150 °C 
Power Dissipation Pb 1 W 
Short Circuit Output Current _ los 50 mA 





Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
' should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 





Parameter 





Symbol 










Supply Voltage 





L Ground Vss -0 





Input High Voltage VIH | 2.4 














Input Low Voltage 









































































Parameter 
KM48C2100A/AL/ALL/ASL-5 
Operating Current* KM48C2100A/AL/ALL/ASL-6 tee 
(RAS and CAS Cycling @trc=min.) KM48C2100A/AL/ALL/ASL-7 90 mA 
KM48C2100A/AL/ALL/ASL-8 
[ise ye Sm 
KM48C2100A mA 
Standby Current KM48C2100AL es mA 
(RAS=CAS=W=Vu ) KM48C2100ALL 1 mA 
KM48C2100ASL : 1 mA 
KM48C2100A/AL/ALL/ASL-5 110 mA 
RAS-Only Refresh Current” KM48C2100A/AL/ALL/ASL-6 fens ; *100 mA 
(CAS=Vin, RAS Cycling @trc=min.) KM48C2100A/AL/ALL/ASL-7 90 mA 
KM48C2100A/AL/ALL/ASL-8 mA 
KM48C2100A/AL/ALL/ASL-5 mA 
| Fast Page Mode Current” KM48C2100A/AL/ALL/ASL-6 tice 7 80 mA 
(RAS=ViL, CAS, Address Cycling @ tec=min.) KM48C2100A/AL/ALL/ASL-7 70 mA 
KM48C2100A/AL/ALL/ASL-8 60 mA 
| KM48C2100A 1 mA 
| Standby Current KM48C2100AL ies 300 LA 
(RAS=CAS=W=Vcc-0.2V) KM48C2100ALL 200 LA 
KM48C2100ASL 200 BA 
KM48C2100A/AL/ALL/ASL-5 110 mA 
CAS-Before-RAS Refresh Current* KM48C2100A/AL/ALL/ASL-6 fis mA 
(RAS and CAS Cycling @trc=min.) KM48C2100A/AL/ALL/ASL-7 mA 
KM48C2100A/AL/ALL/ASL-8 mA 
Battery Back Up Current Average Power Supply.Current, 
Battery Back Up Mode, Input High Voltage(ViH)=Vcc-0.2V 
Input Low Voltage(ViL}=0.2V CAS=CAS-Before-RAS ae 
Cycling or 0.2V Din=Don't Care TrRc=62.54S(L-Ver.) 
| 1254S(SL-Ver), Tras<300ns 
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DC AND OPERATING CHARACTERISTICS (Continue) 
(Recommended operating conditions unless otherwise noted) 
I 
Self Refresh Current 
RAS=CAS=0.2V 
W-=OE=Ao-A10=Vcc-0.2V or 0.2V anise ont ee A 
DQ1-DQ8=Vcc-0.2V, 0.2V or Open 
Input Leakage Current hey 3 46 A 
(Any input 0<Vin <Vcc+0.5V, all other pins not under test=0 volts.) B 
Output Leakage Current 10 . A 
(Data out is disabled, OV< Vout < Vcc) . 
Output High Voltage Level (loH=-5mA) | Vou | 24 | - | Vv 
Output Low Voltage Level (loL=4.2mA) | va | - | 04 | Vv 
*NOTE: Icc1, Icc3, Icc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=ViL. In Icca, Address can be changed maximum once within one fast page cycle. 
CAPACITANCE (1a=25°C, Voc=sv, f=1MHz) 7 
Symbot_[ Min [Max [Unit | 
input Capacitance (D01-DQe) eae Eee ae ee 
AC CHARACTERISTICS ('c<1a< 70°C, Vec=5.0V+ 10%, See notes 1,2) 
rem mt a wf 
Random read or write cycle time a) 
fs] | 205) 


>ipv 
Oo 

pats 
“13 
5 18 
oS 
ois 
3 |2 
oO 
Big 
wo 
: 
@O 
sixzsisz 


gS 
a 


RA\ 
Access time from CAS 
Access time from column address 
A 
Output buffer turn-off delay 
Transition time (rise and fall) 











2 


a 
—_ 
w oo 
is a — 
c=) oO 
2 |8 3 





Ss 
RK 





a 
s 
° 
= 
no] 
=? 
> 
= 
2 
= 
N 





mw]. ji 


_ ow | 
an o}m 
[tee 


RAS precharge time 
RAS pulse width 
RAS hold time 
CAS hold time 
CAS pulse width 
A 
RAS to column address delay time 
CAS to RAS precharge time 
Row address set-up time 
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~ AC CHARACTERISTICS (Continued) 


-7 | -8 
Parameter Symbol Units | Notes 
a ~aiieeh Min| Max | Min| Max 


Row address [Row addressholdtime == time 10 10 ns y= 
a of | o ns 

































































Column address hold time 15 15 ae ns 

Column address hold time referenced to RAS 45 55 a 48 a 6 
Column address to RAS lead time 30 35 40 za} BS _| 
Read command set-up time 0 0 0 ns 

Read command hold time referenced to CAS 0 Je 0 ol . [re if. 9 | 
Read command hold time referenced to RAS | fe 0 0 ns i | 
Write command hold time 10 eee 15 15 le | 

Write command hold time referenced to RAS. 45 H = 55 |. 60 | ns | 6 | 
Write command pulse width ¢ 10 [. 15 sil une eae das | 
Write command to RAS lead time . 15 | | 20 20 ns 
Write command to CAS lead time 15 — 4 90 | 20 i ns 

Data set-up time 0 0 ns 10 





Data hold time ae ae 15 15 Js 10 
Data hold time referenced to RAS tow | 40) | 45 55 60 ns | 6 


Refresh period (Normal) ter | =| 32] | 32 32| ms | | 
Refresh period (Low power & Self Ret.) | ter | | 128) 128 128 128| ms | 

































Refresh period (Super Low power) 256 256 256 | ms 

Write command set-up time ol Lo t z= | ns 4 8 
CAS to W delay time ac 36 40 2 zi) 50 = ns 8 
RAS to W delay time trwo | 73 85 100 110 iz ab ns_| 8 
Column address to W delay time | tawo | 48 55 | | 6 70 | ns 8 



















CAS set-up time (CAS-before-RAS refresh) tcsr ae 10 
CAS hold time (CAS-before-RAS refresh) {CHR 
RAS to CAS precharge time | treo. | 
CAS precharge time (C-B-R counter test cycle) 4 tcpT 


















Access time from CAS precharge 


Fast Page mode cycle time a tPc | 35 
Fast Page mode read-modify-write cycle time tPRWC 


























CAS precharge time (Fast Page mode) 
RAS pulse width(Fast Page mode) | tse | 50 
RAS hold time from CAS precharge truce | 30 
OE access time 
OE to data delay 
Output buffer turn off delay time from OE aw tOEz 





me. 
ae a 10 | 10 | ns 


60 | 200000 Ie 200000 | 80 | 200000; ns 











| 

1 

| 

[asf 40] | #6 ns 3 | 
: 

| 
























































OE command hold time 
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AC CHARACTERISTICS (continued) 


Parameter 


Write command set-up time (Test mode in) 








Write command hold time (Test mode in) 
Wto RAS precharge time (C-B-R refresh) 




























Wto RAS hold time (C-B-R refresh) 








RAS pulse width (C-B-R self refresh) 









"| RAS precharge time (C-B-R self refresh) 


























CAS hold tine (C-B-R self refresh) 
















































































TEST MODE CYCLE (Note 12) 
a ve a [al la = 
Random read or write cycle time tRC 
Read-modify-write cycle time trwe | 138 160 190 Het 
Access time from RAS tRAC 65 75 85 ons | 3,4,11 
Access time from CAS teac | | 8] 20 | 25] ns | 3,4,5 
Access time from column address tA | | 30] 35 | 8} 3,14 
PAS pulse width tras | 551 10,000] 65 | 10,000 10,000 10,000 
CAS pulse wiath toas 10,000/ 20] 10,000} 25| 10,000| 25 | 10,000 a 
FAS hold time [io | te] [ns | 
[CFS hold tine tom | 55] | || 75 ns | 
Column address to RAS lead time tRAL ce ee 45 ns 
=e eam | 7 
CAS to W delay time tcwo | 41 45 55 55 ns 8 
—— = a Le 
RAS to W delay time trwo |} 78 | 90 | [05 [ts ns 8 
eae (fare ea 
Column address to W delay time ___|_ tawo [83 | | 60 70 if anal | ss as 8 
Fast Page mode cycle time tPc 40 45 50 | 55 ns | 
g y ale koe an ent Is | 
Fast Page mode read-modify-write cycle time tprwc{} 81 90 1 105 | 110 ns Ac ; : 
RAS pulse width (Fast Page Mode) trasp | 55 | 200,000} 65 | 200,000) 75 200,000! 85 200,000} ns 
oaks Soa i = areas 
ccess time from CAS precharge |_tcrA 35 40 45 fi 50; ns 3 
OE access time {OEA 18 20 t 25 | 25 ne = 
uae data delay {OED 18 20 | 25 | L 25 ee __| 
OE command hold time toEH 18 20 25 25 ns 
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NOTES 


1. 


An initial pause of 200«s is required after power-up 
followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
























































2. Vik(min) and Vit(max) are reference levels for of the data out is indeterminate. 
measuring timing of input signals.’ Transition times 9. Either tRcH or tRRH must be satisfied for a read 
are measured between Vin(min) and Vi.(max) are cycle. —- 
assumed to be 5ns for all inputs. 10. These parameters are referenced to the CAS. 

3. Measured with a load equivalent to 2 TTL loads leading edge in early write cycles and to the W 
and 100pF leading edge in read-write cycles. 

4. Operation within the trcp(max) limit insures that 11. Operation within the tRap(max) limit insures that 
trac(max) can be met. trRcp(max) is specified as a tRac(max) can be met. trap(max) is specified as a 
reference point only. If tacb is greater than the reference point only. If trap is greater than the 
specified trcp(max) limit, then access time is specified trRaD(max) limit, then access time is 
controlled exclusively by tcac. controlled by taa. 

5. Assumes that tacp >trcp (max). 12. These specifications are applied in the test mode. 

6. tar, twcr, tOHR are referenced to tRAD(max). 13. In test mode read cycle, the value of tRac, taa, tcac 

7. This parameter defines the time at which the is delayed by 2ns to 5ns for the specified value. 
output achieves the open circuit condition and is These parameters should be specified in test mode 
not referenced to VoH or VoL. cycles by adding the above value to the specified 

8. twcs, tRwD, tcwD and tawo are non restrictive value in this data sheet. 
operating parameters. They are included in the 14, torF(max) and toez(max) define the time at which 
data sheet as electric characteristics only. If twcs > the output achieves the open circuit condition and 
twcs(min) the cycle is an early write cycle and the are not referenced to output voltage level. 
data output will remain high impedance for the 15. 2048 cycle of burst refresh must be executed 
duration of the cycle. If tewo>tcwo(min), tawo > within 16ms before and after self refresh, in order 
trwo(min) and tawp >tawo(min), then the cycle is a to meet refresh specification. 

TIMING DIAGRAMS 
READ CYCLE 
—_ tro 

RAS Vin— ree tRAS — tap 1 

Vit— taR 

‘— tCsH | 
ene treD : tRSH —— 

we UW Nesey. ty 

ba tasr a an tRAL~ — 

: tasc(| | toa _| 

Vin— SAVVY (x) TAY, 

: vn RK RBthess MOK RSSRES WISIN RRR NL NO 
tRCH 
tres 
eee Vinp— YYYV (YY V YY VV v) 
Ww Vit— Wy WV Win Wy tROH WY rn KX Wy WAN 
. p————-taa 

Vin— Y, evs y, YX) YY XK ERK KKRN YX 

= So ERR | ACSI To 
h—— tcac- "oF E 
Ge tRac toEz 

corse, an or 1, cca 
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TIMING DIAGRAMS continued) 
WRITE CYCLE (EARLY WRITE) 




















trac 
tras tap _ 
AAS Vin— ti ian : 
Vit— . 
: tcrp 
|| 
me fn fF] 
Ll 
wee || [owe EE eae] 
L_] fhe aa" | COOK XK KX KK KK 
XXX AK AY 











V/ 


Vie—- FRRWW 7, LV.Vatare AV eVatA aay, 
(Y\7 ROW d 
? Vit— QAYXXKYX)M ADDRESS J \ ADDRESS RK YY 
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TUAW PAI VS IO 
ee rrsmniieconnentess OR 
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ae 
twcr 
tRWL 
A TT eal Yaa ATA "AAA OA AY AAA’ AVAVAYAVA’ AAA AVAYAAVA'AYAVAYAVAMa"A'@' AYA ATAA'AYAVATAYAAYAYATAYAVAVATATATAYA'AY 
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WRITE CYCLE (OE CONTROLLED WRITE) 
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, Vit— 
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‘oe trop 
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, ~ tRWL 
— Vip— VaVaVaVa Va Va AVAVAVAVAVAVAVAVAVAVAVATAVAVATAT AVA" a WPIVVVVVVVVVVVVY YYVVVYVYVYVVYVVY 
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TIMING DIAGRAMS (continued) 
READ-MODIFY-WRITE CYCLE 


















































































ba trwc eee res : 
bt tras - trp 
RAS a tar 
RAS Vi- 
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TIMING DIAGRAMS (continued) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don’t care 





Vin 





RAS Gi 


| Et 
, tcrP_| | trec 
nee Viq— 1 
CAS , 
Vit— 


+ ARSON ror 200 SASSANID 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Vin, OE, A=Don’'t Care 

















RAS 








CAS 


torr 
| 
ViuioH — 
DQ,-DQz Viol — L OPEN 


CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 








RAS Vin 
Vit — 
Vin — 
CAS 
Vit LNs 
Vv ~~ 
DayOda. OPEN 
“Vor — 
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TIMING DIAGRAMS (continued) 
HIDDEN REFRESH CYCLE (READ) 
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TIMING DIAGRAMS continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE . 
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PACKAGE DIMENSION 








28-LEAD PLASTIC SMALL OUT-LINE J-LEAD “Units: Inches (millimeters) 
0.720(18.29) 0.027(0.69) 
im 0.730(18.54) i si MIN 
PI ra eo a a a rd ra a 


























0.365(9.27) 

0.375(9.53) 
0.435(11.05) 
0.445(11.30) 









0.395(10.03) 
0.405(10.29} 
0.008(0.20) 
0.01 2(0.30) 











~- 





0.140(3.56) 
0.148(3.76) 





= LILI LI 
0.026(0.66) 
0.032(0.81) 





B[evoaea) 


0.050(1.27) 
MAX 


A u AAR ARAN 
0.016(0.41 41 0.050(1.27) | 
0.020(0.51 "T TYP 


28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 


Units: Inches (millimeters) 


0.740 (18.80) . 0.03 Je 80) 










0.459 (11.66) 
0.466 (11.86) 





0.402 (10.21) 
0.423. (10.76) 


Q.398 (10.11) 








0.726 (18.46) 


0.005 |__ 0.008 0.13) 13) 
0.722 (18.36) + aes en 0.008 (0.20) 


0.041 (1.05) ° 





ee 
aaa] FERRER i 


0.037 (0.95) 0.048 (1.22) | | 0.016 (0.40 wf 
0.052 (1.32) 0.020 (0.50) 


0.016 (0.40) ; 
0.024 (0.60) 
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2M x8 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES 


* Performance range: 


ee [me |e 
ReCOOWATRLIASCS | ew | ne [eae 












KM48C2004A/AL/ALL/ASL-8 | 80ns | 


* Fast Page Mode with Extended data out 
¢ Self Refresh Operation (LL-ver. only) 
- Byte Read/Write operation ; 
+ CAS-before-RAS refresh capability 
+ RAS-only and Hidden Refresh capability 
. Fast parallel test mode capability 
. TTL compatible inputs and outputs 
¢ Early write or output enable controlled write 
* Single +5.0V+10% power supply 
« 4096 cycles/64ms refresh (Normal) 
* 4096 cycles/128ms refresh (Low power & Self Ref.) 
* 4096 cycles/256ms refresh (Super Low power) 
¢ JEDEC standard pinout 
¢ Available in plastic SOJ and TSOP(II) packages 





FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks 
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GENERAL DESCRIPTION 


The Samsung KM48C2004A/AL/ALL/ASL is a high 
speed CMOS 2,097,152 bitx8 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM48C2004A/AL/ALL/ASL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM48C2004A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


Vcc 
Vss 


Ves Generator 








Refresh Timer 


Refresh Control 


Refresh Counter 
Row Address Buffer 
Col. Address Buffer. 


















A0~A11 —-+] 
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Data out 
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KM48C2004A/AL/ALL/ASL CMOS DRAM 





PIN CONFIGURATION (top views) 


+ KM48C2004 AJ/ALJ/ALLJ/ASLJ + KM48C2004 AT/ALT/ALLT/ASLT  » KM48C2004 ATR/ALTR/ALLTR/ASLTR 


fo) 


1 
2 
3 
4 
5 
6 
7 
8 
9 





J: 400MIL . T : 400MIL (Forword) TR : 400MIL (Reverse) 










"Finname | PinFunction | 
ves | Gnd 
ras | pow Si 
oe 
Toe 










Read/Write Input 
Data Output Enable 
Power(+5.0V) 





one 7 . : 886 
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ABSOLUTE MAXIMUM RATINGS 


[Parameter | Symbor—iRating «Cte 
A 












[Power Ditipation SSS 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. , 


RECOMMEN DED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


Parameter 


KM48C2004A/AL/ALL/ASL-5 
KM48C2004A/AL/ALL/ASL-6 
KM48C2004A/AL/ALL/ASL-7 
KM48C2004A/AL/ALL/ASL-8 


KM48C2004A 
KM48C2004AL 
KM48C2004ALL 
KM48C2004ASL 


KM48C2004A/AL/ALL/ASL-5 
KM48C2004A/AL/ALL/ASL-6 - 
KM48C2004A/AL/ALL/ASL-7 
KM48C2004A/AL/ALL/ASL-8 


KM48C2004A/AL/ALL/ASL-5 
KM48C2004A/AL/ALL/ASL-6 
KM48C2004A/AL/ALL/ASL-7 
KM48C2004A/AL/ALL/ASL-8 


KM48C2004A 


Operating Current* 
(RAS and CAS Cycling @trc=min.) 


Standby Current 
(RAS=CAS=W=Vin ) 


RAS-Only Refresh Current* 
(CAS=ViH, RAS Cycling @trc=min.) 


Hyper Page Mode Current* 
(RAS=ViL, CAS, Address Cycling @tec=min.) 





Standby Current 
(RAS=CAS=W=Vcc-0.2V) 


CAS-Before-RAS Refresh Current* 


(RAS and CAS Cycling @trc=min.) 


Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(Vin)=Vcc-0.2V 


Input Low Voltage(Vit)=0.2V, CAS=CAS-Before-RAS 


Cycling or 0.2V, DQ1~DQs=Don't Care, tac=31.25s(L-Ver) 


62.5us(SL-Ver.), tras=tRasmin~300ns 


oe” 
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KM48C2004ALL 
KM48C2004ASL 


KM48C2004A/AL/ALL/ASL-5 
KM48C2004A/AL/ALL/ASL-6 
KM48C2004A/AL/ALL/ASL-7 
KM48C2004A/AL/ALL/ASL-8 


KM48C2004AL 
KM48C2004ASL 








KM48C2004A/AL/ALL/ASL - 3 CMOS DRAM 





DC AND OPERATING CHARACTERISTICS (Continued) 


(Recommended operating conditions unless otherwise noted) 


[Parameter iY Sb | tin Ma | Uni 


Self Refresh Current “ile 
RAS=CAS=0.2V 
WedE=A0-A11=Voc-0.2V or 0.2V KM48C2004ALL Iccs 300 HA 
DQ1-DQs=Vcc-0.2V, 0.2V or Open : 


Input Leakage Current ka ag 40 a 
(Any input 0<Vin <Vcc+0.5Y, all other pins not under test=0 volts.) B 
Output Leakage Current 

(Data out is disabled, OV<VouT<Vcc) ta 
Output High Voltage Level (loH=-5mA) | vow | 24] - | V 
Output Low Voltage Level (loL=4.2mA) VoL | - | 04 | V 


“NOTE: Icc1, Icc3, Icc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=ViL. In Icc4, Address can be changed maximum once within one Hyper Page cycle. 


CAPACITANCE (1a=25°c, Voc=5v, f=1MHz) 


a 
| _ Input Capacitance (Ao~A11 | com | - [| 5 | pF 

Input Capacitance (RAS, CAS, W, OE) | one | - ofl |r 
[put CapsotanooQr-Doy Sido Pe 


AC CHARACTERISTICS (0°c<1a<70°C, Voc=5.0V+0.5V, See notes 1,2) 
al 
rs | | 
ig fe = 


Test condition: Vih/Vi=2.0V/0.8V, Voh/Vol=2.0V/0.8V, Output Loading CL=100pF 
| ns | 3,411 








































fos Se ee I a 
Min | Min| Max | Min] Max | 
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Access time from CAS 
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Access time from column address 
| CAS to output in Low-Z 
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wo |X 
wo lo ji | > 
+~ 1H 







OE to output in Low-Z 


Output buffer turn-off delay from CAS 
Transition time (rise and fall) 





RAS to column address delay time 
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KM48C2004A/AL/ALL/ASL CMOS DRAM 





AC CHARACTERISTICS (Continued) 


Pam Tae asa [ma a | | Me 
CAS to RAS precharge time | 5} | ns] 


Row address set-up time 
ns 


> 
oO 
Ps) 
ae] 


wo oa |~ [rm nm oa fe on lo |. ms 2 f= p|o 





— nm lm 
rx) 8 & | 8 





Row address hold time 








st | st 
ag 


Column address set-up time 








S 
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Column address hold time 





Column address hold time referenced to RAS 





Column address to RAS lead time 





pigs te 
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ae IF 


Read command set-up time 





ot 
ay 
oO 
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Read command hold time referenced to CAS 





Read command hold time referenced to RAS 


Write command hold time 





Write command hold time referenced to RAS 





Write command pulse width 





Write command to RAS lead time 
‘Write command to CAS lead time 
Data set-up time 

Data hold time 

Data hold time referenced to RAS 


Refresh period (Normal) 





~ 
eo 1D 
o};f 


iw] 
ai 
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Refresh period (L-ver) 











Refresh period (SL-ver) 








Write command set-up time 

CAS to W delay time 

RAS to W delay time 

Column address to W delay time 

CAS address to W delay time 

CAS set-up time (CAS-before-RAS refresh) 
CAS hold time (CAS-before-RAS refresh) 

RAS to CAS precharge time 

CAS precharge time (C-B-R counter test cycle) 
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Access time from CAS precharge 





Hyper Page cycle time 


Hyper Page read-modify-write cycle time 
CAS precharge time (Hyper Page Cycle) 
RAS pulse width(Hyper Page Cycle) 


_| RAS hold time from CAS precharge 
OE access time 
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KM48C2004A/AL/ALL/ASL CMOS DRAM 









AC CHARACTERISTICS (continues | | : 
| 5s | #6 |. 7 [| 8 | 


ree fb [am mM 
OE to data delay too | af | ws] | ao] | otis | 
Output buffer turn off delay time from OE . | tocz | 3{ 13] 3/ 151 3] 20{ 3] 20] ns | 714 | 
OE command hold time Ftocn | 13] =| ts] | oo] 


Write command set-up time (Test mode in) ltws | 10] | tf] - | wo] | 
Write command hold time (Test mode in) lw | tof | tol to | 


W to RAS precharge time (C-B-R refresh) 
W to RAS hold time (C-B-R refresh) 
Output data hold time 

Output buffer turn off delay from RAS 
Output buffer turn off delay from W 

W to data delay 

OE té CAS hold time 

CAS hold time to OE 

OE precharge time 
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W pulse width (Hyper Page Cycle) 
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RAS pulse width (LL-ver) 
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2 I$ 
P-4 
=a 
3 
a 
fm 
3 
@ 
= : 
E 
< 
@D 
a 






| | ns | 16 | 
fics | sol | sol | so] =~ | of | os | 6 | 
TEST MODE CYCLE (Note. 12) 
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TEST MODE CYCLE (Continued) 





Parameter 


RAS pulse width (Hyper Page Cycle) 


Access time from CAS precharge 


OE access time 
OE to data delay 


TEST MODE DESCRIPTION 


The KM48C2004A/AL/ALL/ASL is the CMOS DRAM 
organized 2,097,152 words by 8 bit internally organized 
1,048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in parallel and retrieved the 
same way. Column address bit AO is not used. If upon 
reading, two bits on one I/O pin are equal (all "1" or 
*"Q"s) the I/O pin indicates a "1"..If they were not equal, 
the !/O pin would indicate a "0". In "Test Mode", the 
2Mx8 DRAM can be tested as if it were a 1Mx8 DRAM. 


NOTES 


1. An initial pause of 200s is required after power-up 
- followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 

2. Vin(min) and Vit(max) are reference levels for 
measuring timing of input signals. Transition times 
are measured between Vix(min) and Vit(max) are 
assumed to be 5ns for all inputs, except tHpc and 
tHPRWC. 

3. Measured with a load equivalent to 2 TTL loads 
and 100pF 

4. Operation within the trcp(max) limit insures that 
tRac(max) can be met. trcp(max) is specified as a 
reference point only. If tacb is greater than the 
specified tRcp(max) limit, then access time is 
controlled exclusively by tcac. 

5. Assumes that trcp >trcp (max). 

6. tar, twcr, tOHR are referenced to tRaD(max). 

7. This parameter defines the time at which the 
output achieves the open circuit condition and is 
not referenced to VoH or VoL. 

8. twcs, tRWwD, tcwD and tawD are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. if twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tewo>tcwo(min), tawo> 
trwo(min) and tawD>tawo(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 





W and GAS before RAS Cycle (WCBR, Test Mode In 


Cycle) puts the device into "Test Mode", and "CAS 
before RAS refresh Cycle" or "RAS Only Refresh 
Cycle" puts it back into "Normal Mode". In the Test 
Mode, "W and CAS before RAS Refresh Cycle" 
peforms the refresh operation with internal CBR refresh 
address counter. The "test Mode" function reduces test 
time (1/2 in cases of N test pattern). 


9. Either tRcH or tRRH must be satisfied for a read 
cycle. 

10. These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

11. Operation within the traD(max) limit insures that 
trac(max) can be met. tRAD(max) is specified as a 
reference point only. If trap is greater than the 
specified trap(max) limit, then access time is 
controlled by taa. : 

12. These specifications are applied in the test mode. 

13. In test mode read cycle, the value of trac, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

14. tcez(max), toez(max) tReEz(max) and twez(max) 
define the time at which the output achieves the 
open circuit condition and are not referenced to 
output voltage level. 

15. 4096 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 

16. If RAS goes high before CAS high going, the open 
circuit condition of the output is achieved by CAS 
high going. If CAS goes high before RAS high 
going, the open circuit condition of the output is 
achieved by RAS high going 

17. tasc 2 tcp(min), Assumn tt=2.0ns 
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TIMING DIAGRAM 
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WRITE CYCLE (EARLY WRITE ) 
NOTE : Dour = OPEN 
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| READ - MODIFY - WRITE CYCLE 
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HYPER PAGE READ CYCLE 
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HYPER oe WRITE CYCLE (EARLY WRITE ) 
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HYPER PAGE READ-MODIFY-WRITE CYCLE 
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HYPER PAGE READ AND WRITE MIXED CYCLE 
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RAS-ONLY REFRESH CYCLE 
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HIDDEN REFRESH CYCLE ( READ ) 
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-KM48C2104A/AL/ALL/ASL 


2M x8 Bit CMOS Dynamic RAM with Extended Data Out | 
FEATURES | 


¢ Performance range: 





* Fast Page Mode with Extended data out 

* Self Refresh Operation (LL-ver. only) 

* Byte Read/Write operation 

« CAS-before-RAS refresh capability 

« RAS-only and Hidden Refresh capability 

¢ TTL compatible inputs and outputs 

¢ Early write or output enable controlled write 

* Single +5.0V+ 10% power supply 

* 2048 cycles/32ms refresh (Normal) 

* 2048 cycles/128ms refresh (Low power & Self Ref.) 
* 2048 cycles/256ms refresh (Super Low power) 
¢ JEDEC standard pinout 

* Available in plastic SOJ and TSOPiII) 


FUNCTIONAL BLOCK DIAGRAM 







Control 
Clocks 


Ves Generator 


F Vcc 


GENERAL DESCRIPTION 
The Samsung KM48C2104A/AL/ALL/ASL is a high 


_ speed CMOS 2,097,152 bitx 8 Dynamic Random 


Access Memory. Its design is optimized for high 
performance applications such.as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM48C2104A/AL/ALL/ASL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM48C2104A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 
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PIN CONFIGURATION (tp views) 


* KM48C2104 AJ/ALJ/ALLJ/ASLJ + KM48C2104 AT/ALT/ALLT/ASLT + KM48C2104 ATR/ALTR/ALLTR/ASLTR 


oO 





J: 400MIL T : 400MIL(Forward) TR : 400MIL(Reverse) 


CFiname | PinFunetion | 
Pee 








Data Output Enable 
Power(+5.0V) 








SUNGe | | | ~ 907 
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ABSOLUTE MAXIMUM RATINGS 


i ee ee 
Voltage on Any Pin Relative to Vss | so vin,Vour =| -tto+7000—=—6 | ll 
Se ee 

a ee ee 











< 






Voltage on Vcc Supply Relative to Vss 







Storage Temperature 





Power Dissipation 
Short Circuit Output Current 


* 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED CEERAUNS CONDITIONS —_ referenced to Vss, Ta=0 to 70°C) 


a NR 
oe a a 


KM48C2104A/AL/ALL/ASL-5 
Operating Current* KM48C2104A/AL/ALL/ASL-6 
(RAS and CAS Cycling @trc=min.) KM48C2104A/AL/ALL/ASL-7 

KM48C2104A/AL/ALL/ASL-8 


KM48C2104A 
Standby Current KM48C2104AL 
(RAS=CAS=W=ViH ) KM48C2104ALL 
KM48C2104ASL 


KM48C2104A/AL/ALL/ASL-5 
RAS-Only Refresh Current* KM48C2104A/AL/ALL/ASL-6 
(CAS=Vin, RAS Cycling @trc=min.) KM48C2104A/AL/ALL/ASL-7 
KM48C2104A/AL/ALL/ASL-8 


KM48C2104A/AL/ALL/ASL-5 

Hyper Page Mode Current* KM48C2104A/AL/ALL/ASL-6 

(RAS=ViL, CAS, Address Cycling @tec=min.) KM48C2104A/AL/ALL/ASL-7 
KM48C2104A/AL/ALL/ASL-8 


KM48C2104A 
Standby Current KM48C2104AL 
(RAS=CAS=W=Vcc-0.2V) KM48C2104ALL 

KM48C2104ASL. 


KM48C2104A/AL/ALL/ASL-5 
CAS-Before-RAS Refresh Current* KM48C2104A/AL/ALL/ASL-6 
(RAS and CAS Cycling @trc=min.) “| KM48C2104A/AL/ALL/ASL-7 
KM48C2104A/AL/ALL/ASL-8 





Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(ViH)=Vcc-0.2V 
Input Low Voltage(Vi.}=0.2V, CAS=CAS-Before-RAS 
Cycling or 0.2V, DQ1~DQs=Don't Care trc=62.5ys(L-Ver,) 
125us(SL-Ver), tras=tRas min~300ns 
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DC AND OPERATING CHARACTERISTICS (continued) 


(Recommended operating conditions unless otherwise noted) 


SS 


Self Refresh Current 
RAS=CAS=0.2V 
W=OE=Ao-A10=Vcc-0.2V or 0.2V 
DQ1-DQs=Vcc-0.2V, 0.2V or Open 









KM48C2104ALL 












Input Leakage Current 
(Any input O<Vin <Vcc+0.5V, all other pins not under test=0 volts.) 
























Output Leakage Current 
(Data out is disabled, OV<Vout< Vcc) 








Output High Voltage Level (loH=-5mA) 












Output Low Voltage Level (loL=4.2mA) 





“NOTE: Icc1, Icc3, Icca and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. In Icc4, Address can be changed maximum once within one Hyper Page cycle. 


CAPACITANCE (1a=25°C, Voc=5v, f=1MHz) 


Raramter Sor [min [Mae [Unit] 
Input Capacitance (Ao~A10) Cin1 ae ee. ee 
Input Capacitance (RAS, CAS, W, OE) Cin2 fe ce e er | 
Input. Capacitance (DQ1~DQs) | co =| Cl -SC]dTr 


AC CHARACTERISTICS (°c<1a<70°C, Voc=5.0V+0.5V, See notes 1,2) 
Test condition: Vih/Vii=2.4V/0.8V, Voh/Voi=2.0V/0.8V, Output Loading CL=100pF 


SS a | 
Parameter Symbol Units ; Notes 
ta [tw a a 
Random read or write cycle time tRC 90 || 10 | 150 ns 
Read-modify-write cycle time two | 133) | 155 | 185 205 ns 
Access time from RAS tRAC 1 {sof | oo} | 70 80] ns | 3,4,11 
Access time from CAS tCac li Aa 15 20 20) ns | 3,4,5 
Access time from column address lta | fos] | a0] 35 40 | ns 3,11 
CAS to output in Low-Z tcwz 3 fe nats <8 3 3 ns 3 
OE to output in Low-Z toz 3 ie a a 3 
Output buffer turn-off delay tcEz 3 20) ns | 7,14,15 


Transition time (rise and fall tr 50| 2] 80; 2| 80| ns] 2 























































RAS precharge time trP 60 ns 


RAS pulse width GET E 
res = i ee ee eee 

CAS hold time . tCsH | 3a} | as] | so] 60 ns 
CAS pulse width {CAS 2] soc of cfs | ra 10K | 20 10K | ns 16 


RAS to CAS delay time trcp | 20 37 20 20 60] ns 4 
RAS to column address delay time 15 40| ns 11 


ELECTRONICS 





















































KM48C2104A/AL/ALL/ASL CMOS DRAM 





AC CHARACTERISTICS (continued) 


CAS to RAS precharge time 
Row address set-up time 
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Notes 









Row address hold time 
Column address set-up time 







Column address hold time 
Column address hold time referenced to RAS 
Column address to RAS lead time 








Read command set-up time 
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Write command hold time 
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Write command pulse width 
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Write command to RAS lead time 
Write command to CAS lead time 
Data set-up time 
Data hold time 
Data hold time referenced to RAS 
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Write command set-up time 

CAS to W delay time 

RAS to W delay time 

Column address to W delay time 

CAS address to W delay time 

CAS set-up time (CAS-before-RAS refresh) 
CAS hold time (CAS-before-RAS refresh) 

RAS to CAS precharge time : 
CAS precharge time (C-B-R counter test cycle) 
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RAS pulse width(Hyper Page Cycle) 
RAS hold time from CAS precharge 


OE access time 
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AC CHARACTERISTICS (continueg) 


Ce 
|OEtodatadeey =| toe | 13] | tf | ao] | ot os | 
[Output buffer tum of delay timetromOE | toe | 3/13] 3/15] 3] 20 
[CEcommandtodtme | ton | 13] | tf | 0 
Write command setup ime (estmodein) | tws | to/ | to | 


Write command hold time (Test mode in) twTH 
W to RAS precharge time (C-B-R refresh) 
W to RAS hold time (C-B-R refresh) 


-_ 
So 


—_a | ow 
alo 


cf 


Output data hold time 


el 
Na) 


Output buffer turn off delay from RAs 
Output buffer turn off delay from W 


g |g ig 
2/6 | 

le lelo lela lele el 
ol}o |} aw |e oOo }o 


OE to CAS hold time 
CAS hold time to OE 
OE precharge time 
W pulse width (Hyper Page Cycle) ltwe | 5} | 5] 
RAS pulse width (LL-ver) lio] 100 

RAS precharge time (ver) | twes | oof favo} [rao] tg] ms | 8 
[ASholdtimeive) | tows | so] | so] | sof | so] | os | 8 


TEST MODE CYCLE (Note.12) 
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TEST MODE CYCLE continued) 


RAS pulse width (Hyper Page Cycle) 


Access time from CAS precharge CPA 
OE to data delay 





TEST MODE DESCRIPTION 


The KM48C2104A/AL/ALL/ASL is the CMOS DRAM 
organized 2,097,152 words by 8 bit internally organized 
1,048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in parallel and retrieved the 
same way. Column address bit AO is not used. If upon 
reading, two bits on one I/O pin are equal (all "1" or 
"O"s) the I/O pin indicates a "1". If they were not equal, 
the I/O pin would indicate a "0". In "Test Mode", the 
2Mx8 DRAM can be tested as if it were a 1Mx8 DRAM. 


NOTES 


1. An initial pause of 200us is required after power-up 
followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 

2. Vin(min) and Vit(max) are reference levels for 
measuring timing of input signals. Transition times 


are measured between ViH(min) and Vit(max) are . 


assumed to be 5ns for all inputs, without tHpc and 
tHPRWC. 

3. Measured with a load equivalent to 2TTL loads and 
100pF. 

4. Operation within the tRcp(max) limit insures that 
trac(max) can be met. trcp(max) is specified as a 
reference point only. If tkcp is greater than the 
‘specified trcp(max) limit, then access time is 
controlled exclusively by tcac. 

. Assumes that tcp > trcb (max). 

. taR, twCR, tDHR are referenced to traD(max). 

. This parameter defines the time at which the 
output achieves the open circuit condition and is 
not referenced to VoH or VoL. 

8. twos, trwp, tcwp and tawp are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs> 
twcs(min) the cycle is an early write cycle and the 


NOOO 


data output will remain high impedance for the - 


duration of the cycle. If tcwo>tcwp(min), tawo> 

trwo(min) and tawp >tawop(min), then the cycle is a 

read-write cycle and the data output will contain 

the data read from the selected address. If neither 

of the above conditions are satisfied, the condition 
__ of the data out is indeterminate. 


W and CAS before RAS Cycle (WCBR, Test Mode In 
Cycle) puts the device into "Test Mode", And "CAS 
before RAS Refresh Cycle" or "RAS Only Refresh 
Cycle" puts it back into "Normal Mode”. In the Test 
Mode, "W and CAS before RAS Refresh Cycle" 
peforms the refresh operation with internal CBR refresh 
address counter. The "Test Mode" function reduces 
test time (1/2 in cases of N test pattern). 


9. Either tRcH or tRRH must be satisfied for a read 
cycle. , 

10. These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

11. Operation within the trap(max) limit insures that 
trac(max) can be met. trap(max) is specified as a 
reference point only. If trap is greater than the 
specified tRaD(max) limit, then access time is 
controlled by taa. 

12. These specifications are applied in the test mode. 

13. In test mode read cycle, the value of trac, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

14. tREz(max), tcez(max), twez(max) and toez(max) 
define the time at which the output achieves the 
open circuit condition and are not referenced to 
output voltage level. 

15. 2048 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 

16. If RAS goes high before CAS high going, the open 
circuit condition of the output is achieved by CAS 
high going. If CAS goes high before RAS high 
going, the open circuit condition of the output is 
achieved by RAS high going 

17. tasc = tcpmin, Assumn tt=2.0ns 
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WRITE CYCLE (0E CONTROLLED WRITE ) 
NOTE : Dout = OPEN 
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HYPER PAGE WRITE CYCLE (EARLY WRITE ) 
NOTE : Dout = Open 
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TEST MODE IN CYCLE 
NOTE : OE, A= Don't Care 
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PACKAGE DIMENSION | 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD : Units: Inches (millimeters) 


__9.720(18.29) : 0. 027(0. 69) 
r : 0.730(18.54) i MIN 
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0.459 (11.66) 
0.466 (11.86) 

















‘ 


0.005 (0.13) 


0.722 (18.36) : 0.037 (0.95) 0.008 (0.20) 
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KM48V2000A/AL/ALL/ASL 


CMOS DRAM 





2M x8 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


« Performance range: 





KM48V2000A/AL/ALL/ASL-7 
KM48V2000A/AL/ALL/ASL-8 








« Fast Page Mode operation 

« Byte Read/Write operation 

« CAS-before-RAS refresh capability 

+ RAS-only and Hidden Refresh capability 

¢ TTL compatible inputs and outputs 

« Early Write or output enable controlled write 

¢ Single+3.3V.0.3V power supply 

¢ 4096 cycles/64ms refresh (Normal) 

« 4096 cycles/128ms refresh (Low power & Self Ref.) 
« 4096 cycles/256ms refresh (Super Low power) 

« JEDEC standard pinout 

¢ Available in plastic SOJ and TSOP(il) packages 


FUNCTIONAL BLOCK DIAGRAM 


Control 





GENERAL DESCRIPTION 


The Samsung KM48V2000A/AL/ALL/ASL is a high 
speed CMOS 2,097,152 bit x8 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM48V2000A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM48V2000A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


Vop 
Clocks Vss 











Refresh Timer 
a ae 
Refresh Control 
Refresh Counter 
Row Address Buffer 
Col. Address Buffer 






















AO~A11 


A0~A8 





Memory Array 
2,097,152 x8 










Coiumn Decoder 


5 






Data in 
Buffer 











DQ1 
to 
DQ8 






Cells 





Sense Amps & IO 








Data out 
Buffer 
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PIN CONFIGURATION (top views) 


* KM48V2000 AJ/ALJ/ALLJ/ASLJ ¢ KM48V2000 AT/ALT/ALLT/ASLT_ - KM48V2000 ATR/ALTR/ALLTR/ASLTR 


Pin Name 


Data Output Enable 
Power(+3.3V) 














am a 
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CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS 




















* 











Parameter Symbol Rating 
Voltage on Any Pin Relative to Vss Vin, VouT -0.5 ~ 4.6 V 
Voltage on Vpp Supply Relative to Vss Vop -0.5 ~ 4.6 Vv 
Storage Temperature Tstg -55 to + 150 °C 
Power Dissipation . Pp 4 W 
Short Circuit Output Current los 50 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


Parameter 


Supply Voltage 








Ground 








Input High Voltage VIH 


Vopd + 0.3 








Input Low Voltage 











0.8 






























DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 



































Parameter Symbol | Min | Max | Units | 
Operating Current” KM48V2000A/AL/ALL/ASL-6- 80 mA 
FG P ; ; KM48V2000A/AL/ALL/ASL-7 Icc1 70 mA 
(RAS and CAS Cycling @tro=min.) KM48V2000A/AL/ALL/ASL-8 60 | mA 
KM48V2000A 2 mA 
Standby Current KM48V2000AL ie 1 mA 
(RAS=CAS=W=Vii ) KM48V2000ALL 1 mA 
KM48V2000ASL ' 1 mA 
a ¢ KM48V2000A/AL/ALL/ASL-6 80 mA 
OSvn are ase KM48V2000A/AL/ALLIASL-7 | ccs 70 | mA 
=VIH, ycing ues KM48V2000A/AL/ALL/ASL-8 60 mA 
Fast Pane Mode Curent* KM48V2000A/AL/ALL/ASL-6 70 mA 
AS-i. CAS hdeites Clchig SPST) KM48V2000A/AL/ALL/ASL-7 loca 60 | mA 
~ : : ue as KM48V2000A/AL/ALL/ASL-8 50 mA 
KM48V2000A 1 mA 
Standby Current KM48V2000AL sae 300. HA 
(RAS=CAS=W=Vpp-0.2V) KM48V2000ALL 200 LA 
KM48V2000ASL 200 HA 
_— — 7 KM48V2000A/AL/ALL/ASL-6 80 mA 
HS and CHS Oy ee ate KM48V20004/AL/ALLIASL-7 | — Icce 70 | mA 
Tere KM48V2000A/AL/ALL/ASL-8 60 | mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage (Vin)=Vop-0.2V 
Input Low Voltage (Vit)=0.2V CAS=CAS-Before-RAS Cycling ae. Icc7 ss . ; 
or 0.2V Din=Don't Care Tac=31.254S(L-Ver) r 
62.54 S(SL-Ver), TRAS=TRas min.~300ms 
Self Refresh Current . 
RAS=CAS=0.2V 
WeOE=Ao-A11=Vpp-0.2V or 0.2V KM48V2000ALL Iccs 250 LA 
DQ1~DQs8=Vopp-0.2V, 0.2V or Open 
929 
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DC AND OPERATING CHARACTERISTICS (continued) 


(Recommended operating conditions unless otherwise noted) 


oI 


Input Leakage Current 
(Any input O0<VIN <Vpp+0.3V, all other pins not under test=0 volts.) 



















Output Leakage Current 
(Data out is disabled, OV< Vout <Vbp) 


Output High Voltage Level (loH=-2mA) 














Output Low Voltage Level (loL=2mA) 


*NOTE: Icc1, Icc3, Icca and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. In Icc4, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE ta=25°c, voo=3.3v, f=1MHz) 
Se 


Input Capacitance (Ao~A11) 
Input Capacitance (RAS, CAS, W, OE) 
Input Capacitance (DQ1~DQs) 


AC CHARACTERISTICS (0°c<Ta<70°C, Vo=3.3V +0.3V, See notes 1,2) 
Test Condition : Vih/Vii=2.0V/0.8V, Voh/Vol=2.0V/0.8V, Output Loading CL=100pF 

















































































































Parameter Symbol ce an M8: Units | Notes 
| Min | Max ; Min| Max | Min; Max 

Random read or write cycle time tac 130 150 ns 

Read-modify-write cycle time tRWC 185 205 ns 

Access time from RAS tRAC 60 70 80} ns | 3,4,11 

Access time from CAS tcac 15 20 20} ns | 3,4,5 
’ | Access time from column address tAA 30 35 40} ns 3,11 

CAS to output in Low-Z tcLz 0 0 ns 3 

Output buffer turn-off delay toFF 15 0 20 0 20 Re ns ote 

Transition time (rise and fall) tT 50 3 50 3 50] ns 2 

RAS precharge time tRP 50 | 60 ns_| 

RAS pulse width tRAS 10,000 70 | 10,000 80} 10,000 | ns 

RAS hold time tRSH . 20 20 [ns 

CAS hold time tCSH 70 80 | ns 

CAS pulse width , tcas 10,000} 20) 10,000; 20; 10,000] ns 

RAS to CAS delay time tRCD 45] 20 50; 20 60| ns 4 

RAS to column address delay time tRAD 30 | 15 | 35 15 40| ns 11 

CAS to RAS precharge time tcRP 5 5 ns 

Row address set-up time tASR 0 ns 
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AC CHARACTERISTICS (continued) 













































































































































































Parameter Symbol 
Row address hold time tRAH 
Column address set-up time tasc 
Column address hold time | tCAH 
Column address hold time referenced to RAS tar 
Column address to RAS lead time tRAL 
Read command set-up time tRCS 
Read command hold time referenced to CAS tRCH 
Read command hold time referenced to RAS tRRH 
Write command hold time tWCH 
Write command hold time referenced to RAS twcr 
Write command pulse width twe 
Write command to RAS lead time tRWL 
Write command to CAS lead time towL 
Data set-up time ; | tbs 
Data hold time tDH 
Data hold time referenced to RAS tDHR . 
Refresh period (Normal) tREF 
Refresh period (Low power & Self Ref.) tREF 
Refresh period (Super Low power) *| TREF sl. 
Write command set-up time twcs 0 0 0 ns 8 
CAS to W delay time | tcwo 40 50 \ 50 | ns 8 
RAS to W delay time tRwD 85 100 110 ns 8 
Column address to W delay time r tawD 55 65 70 ns 8 
CAS set-up time (CAS-before-RAS refresh) tcsR 10 10 10 | ns 
CAS hold time (CAS-before-RAS refresh) | tcHr | 10 15 15 1 ns 
RAS to CAS precharge time | tRPC 5 5 5 ns 
CAS precharge time (C-B-R counter test cycle) tcPT 20 30 30 [ ns_| 
Access time from CAS precharge tCPA 35 40 45) ns 3 
Fast Page mode cycle time tPc 40 : 45 50 ns 
Fast Page mode read-modify-write cycle time -| tprwc| 85 100 “105 | ns 
CAS precharge time (Fast Page mode) tcp 10 10 10 ns 
RAS pulse width (Fast Page mode) tRASP 60 | 200,000} 70) 200,000; 80 200,000} ns | 
RAS hold time from CAS precharge tRHcP | 35 40 45 ns 
OE access time | tOEA | 15 20 20} ns 
OE to data delay toeD 15 20 20 | ns 
Out put buffer turn off delay time from OE toEz 0 15 0 20 0; 20) ns 
OE commend holdtime . _ toeH 15 20 20 ns 
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AC CHARACTERISTICS (Continued) 








Parameter 





Write command set-up time (Test mode in) 



































Write command hold time (Test mode in) twTH ns 
W to RAS precharge time (C-B-R refresh) twRP ns 
W to RAS hold time (C-B-R refresh) tWRH ns 
RAS pulse width (C-B-R self refresh) ‘traSS us 15 
RAS precharge time (C-B-R self refresh) tAPS ns 15 





CAS hold time (C-B-R self refresh) 








TEST MODE CYCLE 
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(Note.12) 
Parameter sto a wage ae a = Units | Notes 
Min| Max | Min| Max 
Random read or write cycle time tRC 135 155 ns 
Read-modify-write cycle time tRWC 190 210 ns 
‘Access time from RAS tRAC 75 85} ns aa 
Access time from CAS tCAc 25 25] ns 3,4,5 
Access time from column address 40 45| ns 3,11 
RAS pulse width 65 | 10,000} 75/ 10,000) 85 | 10,000] ns 
CAS pulse width tcas | 20 10,000} 25) 10,000; 25) 10,000; ns 
RAS hold time 25 25 ns 
CAS hold time _ tCSH 75 85 ns 
Column address to RAS lead time | tRAL 40 45 ns 
CAS to W delay time tcwo 55 55 ns 8 
RAS to W delay time tRWD 105 115 ns | 8 
Column address to W delay time tawD 70 75 ns 8 
Fast Page mode cycle time tPc 50 55 ns 
Fast Page mode read-modify-write cycle time tPRWC 105 110 ns 
RAS pulse width (Fast Page Mode) - tRASP 200,000) 75} 200,000} 85) 200,000; ns 
Access time from CAS precharge tCPA 40 45 50] ns 3 
OE access time tOEA 20 25 25] ns 
OE to data delay tOED 25 25 _ns 
OE command hold time tOEH 25° 25 ns 
932 


KM48V2000A/AL/ALL/ASL 


- CMOS DRAM 























































































NOTES 
1. An initial pause of 200«s is required after power-up read-write cycle and the data output will contain 
followed by any 8 CBR or ROR cycles before the data read from the selected address. If neither 
proper device operation is achieved. of the above conditions are satisfied, the condition 
2. ViH(min) and ViL(max) are reference levels for of the data out is indeterminate. 
measuring timing of input signals. Transition times 9. Either tRcH or tRRH must be satisfied for a read 
are measured between ViH(min) and Vit(max) are cycle. 
assumed to be 5ns for all inputs. 10. These parameters are referenced to the CAS 
3. Measured with a load equivalent to 100pF and leading edge in early write cycles and to the W 
Voh=2.0V(louT=2mA), Vol=0.8V(louT=2mA) leading edge in read-write cycles. 
4. Operation within the trcp(max) limit insures that 11. Operation within the trap(max) limit insures that 
trac(max) can be met. tRcp(max) is specified as a tRAc(max) can be met. trRad(max) is specified as a 
. reference point only. If tacp is greater than the reference point only. If trap is greater than the 
specified trcbo(max) limit, then access time is specified traD(max) limit, then access time is 
controlled exclusively by tcac. controlled by taa. 
5. Assumes that tacp >trRcb (max). 12. These specifications are applied in the test mode. 
6. tar, twcr, tDHR are referenced to tRAD(max). 13. In test mode read cycle, the value of trac, ta, tcac 
7. This parameter defines the time at which the is delayed by 2ns to 5ns for the specified value. 
output achieves the open circuit condition and is These parameters should be specified in test mode 
not referenced to VoH or VoL. cycles by adding the above value to the specified 
8.twcs, tRwD, tcwbd and tawD are non restrictive value in this data sheet. 
operating parameters. They are included in the 14. torF(max) and toez(max) define the time at which 
data sheet as electric characteristics only. If twcs > the output achieves the open circuit condition and 
twcs(min) the cycle is an early write cycle and the are not referenced to output voltage level. 
data output will remain high impedance for the _ 15. 4096 cycle of burst refresh must be executed 
duration of the cycle. If tcwo>tcwo(min), tawo > within 16ms before and after self refresh, in order 
tRwo(min) and tawD >tawop(min), then the cycle is a to meet refresh specification. 
‘ 
TIMING DIAGRAMS 
READ CYCLE 
| aw tac 
ARE vee be tRAS 4 fF tre 
Vit-— tar 
tcrP sic | 
—_ trop ———|— tRSH _ 
“ie Cee A, 
ee ae d ieee t——-tRAD tRAL— =| 
tRAH ee ian 
~Vit-— ASYY ROW (/ AAAI API PIV WY J J AM Y¥ . 
: vine OANA ABBress VN RBBRES NRA) 
tRCH 
trcs tary 
Vin— VYVVYVVYVVYV\9 EPA VY VVYV VV VVWV VYVY¥V VV 
w ve SXRXSYKY tron ———} XXX 
me -taa 
are Vin— YYYVYVYVYVVYVYVYVY YY VY YW VYVY XVI YY WV YY VV 
FE am LOKI) TKS KKK 
torr 
DQ,-DQ; a OPEN 
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TIMING DIAGRAMS (Continued) 
WRITE CYCLE (EARLY WRITE) 

















































trc 
=. Was : tras : trp 
RAS tar 
: Vit—- 
[e=*. 
pees Vin— 
os a ess fs / 
| fie ee 
ViH— VAALV/V/VV Y V/VVVYVVY Y YV VV VV VYVYVYVAAAAAS/YY 
: vi~ ARERR AoorESSAO Sones ROKK XR RO 
trap 
twes 
ee Vip— VV YVY VV VVYVVY V/V VVVA/SY VAAASAAS/YYV VV VV YU V YWV VV VV A 
" 1 OE“ ERT 
twcr 
tRWL , 
as Vip— VVVVYVVYYYYVYYVYVVYVYYYYVVYV YO 8 YOO VV YY VO YP YP OO 
i: Vi ROKR KKK KKK ROY KR 
: toHR 
tos co tbH 


Vin— 
DQ,-DQs YiL= ) VALID DATA-IN J OPEN acer 


WRITE CYCLE (OE CONTROLLED WRITE) 
potas 




















ee eee 7 trp 

ViH— tar 

RAS vie 
tcsH 
tcrp oe = 
— ViH— 
aed Vit— be trap KA {_/ 
tasR | | traH [| tasc rere ; 

Vip— WIVVYVV OV AAAI YV VV VV VO VV V VV 

A va XOXO ABBRess PR _cooaess _PORKXKKYYRXY RY RY YXY KX OROXXRRY 
tewL 
, taWL . 
_ Vin— MVVVVVVVVVVVVVVVVVVVVV VV : (MV YVV VV VVVVY VYYVVYYVVVVYVYV 
i vu — XXXXYRRKXEY YY KRAXKXXXY A "SRK XXXYRKKXAXXYY ORK 
\toeH 
LC 

Vip— RAIYIVIIVIVV VV / AAI VV AASV VVVVVVVVVVVYVVVYVVY 

FF va ONY CK KXAKX KXAN KKAXKAXAKAKAXXA 
toH 

00,00 ye YK vatin owen YAY YAAK OX 
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TIMING DIAGRAMS (continued) 
READ-MODIFY-WRITE CYCLE 










































































































































































ie Viq— 
RAS Wiss 
7 ls 
ae eS | = [7 
Vit— f 
tasr | jtRAH tasc 
A ve XY) (RNY (a AX KAA AK AS AAO AA) 
Vit— WY ADDRESS L ADDRESS VOX XXXXXXXA XK t\ XX £\ XXXXXXXX XXXKX) 
m= trad : fies = tay tcwo: _| = tCWL — | 
= = +— trwo ——— trwe “+ 
w ViH— | TYYK KKK XVKXV OR 
ne ibe A RAK 
tOEA 
cae Vip— DAYWOVYVYVVWIVVYVYV VV YY ¥ 
OE Vn OR] taco 
: VilOH — EV of VALID YY KV VVYVYYXVVVYXY 
Dee 5, RN bariour PR Sarin ARK IY 
FAST PAGE MODE READ CYCLE 
tap 
'RASP SS 
RAS en \ - tar 
Vit— 
tpc truce 
tcrp a ies tRSH—=4 
ie ae iar 2 
tcsH 
tasr {| [RAH pet en 2 EES ese [to 
Vip— OY TES +, Varvara’, ' 7 Vat tad > ‘av, f/V/V/Y V/V ¥ 
, Vu MOM ADD ARAL EGRESS AYN nSoness KROKYXK. xpress ONYX) 
: aa! 
WwW YY w 9, e Vave"aravay, 
vi RORY |_| V | NR 
& Vit BRYRRXXRARRORK? EXXXXXXY) BEXAR ARKRRRKRKN 
Pe Vir— XX XX XXX XXXAAXA I XOXOXXXXXA 4 OXY YK WN MIN MOG: OO 
+ — a Pe he = - 
awe 
00, -be NOH __ hy VALID} AY VALID RY VALID 
000 vg 2X datacour YK oaraoury$—_atwour ) 
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TIMING DIAGRAMS (continued) | 
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ete * me \ el twos oc ena 

_ VWYVY | [| YY YYYX ‘wcH WVVVYYYYVVY 
w AY Dwr LEY 
Le AXXKK KKK KR ARK A EAA AAA XK KAY YY MY AVYVYYY SVA/\f W/YVUV VV VV VY VVVWVA/S/YVV 
OE SO SSL 
| | Pai tbH tps | tox tos | | tpH 

YYXYYVYVYXK TINY VAY VVVYVVVV 
oro AIA ANN OOK 
FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

Po ae i a eee ep <8 a eee pimeuis 

RAS 
CAS 
SOX SS KR 
Ww 
OE 
DQ,-DQs 
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TIMING DIAGRAMS (continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don’t care 











Vin— 
RA 
. Vit— 
ae Viq— 
CAS 
Vit— 








» ARRAN row 20 RR ORD 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Vin, OE, A=Don’t Care 











trac— 
trp trap 

<a ViH— : 
RAS ——————— tras 

Vvi— trec tRPC 

tcsr ene 

ViH— 
CAS 

Vii— 

torr 
ViioH — 

DQ-DQs Wo, — OPEN 


CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 





Ras VIN 
Vit — 
2 Vin — 

CAS - 
Vit— 
Vou — 

DQ,-DQs 

Vo. — 


XxX DON’T CARE 
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TIMING DIAGRAMS (continued) 
HIDDEN REFRESH CYCLE (READ) 


tac tre 


tRAS 





tras trp trp 























5 Vin— 
RAS tar 
Vit— 
Pra rs trop tRSH -tcHR 
CAS Vi—- tRAD \\ 
| tasr Peat 
Viu- 0 KY 4 v,VVa¥a¥a"a'aVa¥ava’avavavava’a’ava’a’a¥avala’a’avavalavavavavavavays 
A wim DA RRA Rebs DORN) 
: tres tRRH 
es Vie— DOO AMAA TAA AAAAAAT VAAN AAA AARAARAK AA 
i vu SOY | KKK YXX 
| 
* va¥aVava"ava’a’avaravavara’a’ AKAARAAKAAKAIIIAKANAA 
aE KA KKKXXKXXXKX ERGY 
DQ,-DQ, 





HIDDEN REFRESH 


CYCLE (WRITE) 
t 







































































RAS ae 

sv SiN LNT 
FP REI KAKA KA A RANEANY 
Fo RRR RRR RRR 
coon RR LOONIE 





XX DON’T CARE 


938 





a” 


ELECTRONICS 


KM48V2000A/AL/ALL/ASL | CMOS DRAM 





TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 










































tras trp 

— Vin— 
RAS 

Vit— 

ee -tCHR topt tRsH 
Hy \ nee OY 
tasc i 

Viq— (\ XXX KX XXKKKKKKKKKKKK X\ paw (YY V \ V KYYYKKKXYK KKK KK KX 
mT RR RRR RRR _sooress DRI, SI, 
READ CYCLE trcs | jr 
= ViH— A NAATAVNNVAaararara'srarayarare’: VYYYYY 
Wr CARY XY 
es . Vin— VYV VV VVYV YY AASV AVY VA YYY YY YY YYVYYYXY 
ot view SOX RRR ON 

towz ee torr 

DQ,-DQz na ene OPEN (\ VALID DATA-OUT 
WRITE CYCLE 
wes! Vip— ASA //\/A/VV VV AAA/YV YA /VV VYVVVYYYJYJVJYV/VA/V/VVV/ 
Wa QO AYN K WARN 








Vip— AAASA/YVVA//VYVVVV V VV VY VVVV VV VV VV VV VV VVVVVVV VYVVV VV 
CRONIN 


Vit— 











ae = a 

vu 1 towL | 

READ-MODIFY-WRITE tawo | tm — 
cs ‘one 


7 Vin— ARROW twe AWYWVVVVVvy¥ 
WV ROOMY AN 


















Rete Vin— TAVAVAVAV.VAVANIV.¥LUAVIW,VINAY,VAVASAVINAULWLLOLTAWAN 
OE Vi KKK 
tcac toez tps| | toH 
tcLz . 
cory iT HG 
| oo 
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PACKAGE DIMENSION 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) _ 


f 


0.050(1.27) 
MAX 


0.027(0.69) 











0.720(18.29) 
r 0.730(18.54) 
Ea CICI CI OIC cc cr Cr 













0.445(11.30) 





0.365(9.27) 
0.375(9.53) 
0.435(11.05) 





0.395(10.03) 
0.405(10.29) 
0.008(0.20) 
0.012(0.30) 











LILJLICILILILCSTI 
0. 


| 026(0.66) 
0.032(0.81) 0.140(3.56) 
0.148(3.76) 









TAA 
abiaeai |] 2 obenianc iL 


28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 


Units: Inches (millimeters) 


S[eooue 


0.740 (18.80) 0.03 (0.80) 









0.423 (10.76) 
0.459 (11.66) 
0.466 (11.86) 


=)= 
= 
ojo 
cl 
-|~ 
ON 
BD! 
27s 
o|o 











0.005 (0.13) 


0.722 (18.36) 0.037 (0.95) 0.008 (0.20) 
0.726 (18.46) _ {0.041 (1.08) 
eS Ee ES | 
[Cl os max | SOO Ae 


0.037 (0.95) + | 0.048 (1.22) | | 0.016 (0.40) | 
0.052 (1.32) 0.020 (0.50) : 












0.016 (0.40) 
0.024 (0.60) 


ELECTRONICS . o 





KM48V2100A/AL/ALL/ASL 


CMOS DRAM 





2M x8 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


¢ Performance range: 


.KM48V2100A/AL/ALL/ASL-6 





KM48V2100A/AL/ALL/ASL-7 
KM48V2100A/AL/ALL/ASL-8 








¢ Fast Page Mode operation 

¢ Byte Read/Write operation 

+ CAS-before-RAS refresh capability 

« RAS-only and Hidden Refresh capability 

* TTL compatible inputs and outputs 

* Early Write or output enable controlled write 

¢ Single+3.3V +0.3V power supply 

* 2048 cycles/32ms refresh (Normal) 

« 2048 cycles/128ms refresh (Low power & Self Ref.) 
+ 2048 cycles/256ms refresh (Super Low power) 

« JEDEC standard pinout 

* Available in plastic SOJ and TSOP(II) packages 


FUNCTIONAL BLOCK DIAGRAM 






Control 
Clocks 


GENERAL DESCRIPTION 


The Samsung KM48V2100A/AL/ALL/ASL is a high 
speed CMOS 2,097,152 bitx 8 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. : 


The KM48V2100A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM48V2100A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


Vop 
Vss 











Refresh Timer 



































{e) 
Refresh Control = 
oS 

: DQ1 

: Memory Array e to 

Refresh Counter 2,097,152 x8 < DQ8 
Do 
: Cells D 
A0~A10 Row Address Buffer d 

Data out 
Buffer OE 





Col. Address Buffer 


AO0~AQ 


Column Decoder 
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KM48V2100A/AL/ALL/ASL CMOS DRAM 
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PIN CONFIGURATION (Top Views) 


\ 


* KM48V2100 AJ/ALJ/ALLJ/ASLJ +» KM48V2100 AT/ALT/ALLT/ASLT * KM48V2100 ATR/ALTR/ALLTR/ASLTR 


oO 


1 
2 
3 
4 
5 
6 
7 
8 
9 









Pin Function 


Address Inputs 





















Data In/Out 
Vss Ground 
Row Address Strobe 








Column Address Strobe 
Read/Write Input 
Data Output Enable 


Power(+3.3V) | 
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ABSOLUTE MAXIMUM RATINGS 









Parameter 





Voltage on Any Pin Relative to Vss -0.5 ~ 4.6 


Voltage on Vop Supply Relative to Vss Vopb -0.5 ~ 4.6 Vv 


Storage Temperature Tstg -55 to + 150 °C 


Power Dissipation Pp 1 WwW sal 


Vin, Vout 









































Short Circuit Output Current | los 50 | mA 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


























































































Parameter 
Supply Voltage 
Ground 
Input High Voltage VIH 2.0 — | 
Input Low Voltage 
DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 
SS ee ae Te Peete Tie hee pte ee] 
Parameter : Symbol} Min | Max | Units 
Operating Current" KM48V2100A/AL/ALL/ASL-6 100 mA 
P KM48V2100A/AL/ALL/ASL-7 Icc1 - 90 mA 
(RAS and CAS Cycling @tac=min) KM48V2100A/AL/ALL/ASL-8 go | mA 
KM48V2100A 2 mA 
Standby Current KM48V2100AL ica , 1 mA 
(RAS=CAS=W=VIH ) KM48V2100ALL 1 mA 
. KM48V2100ASL , 1 mA 
RAS-Only Refresh Current’ KM48V2100A/AL/ALL/ASL-6 100 mA 
CRS=vu, RAS Cycling @trc=min,) KM48V2100A/AL/ALL/ASL-7 Icc3 - 90 mA 
mk vein =e KM48V2100A/AL/ALL/ASL-8 80 mA 
Fast Page Mode Current* KM48V2100A/AL/ALL/ASL-6 80 mA 
FAB-Vi CAS, Address Cycling @tec=min) KM48V2100A/AL/ALL/ASL-7 loca - 70 mA 
ire, ial ziaiee Lab KM48V2100A/AL/ALL/ASL-8 60 | mA 
+ —s —_— 
KM48V2100A 1 mA 
Standby Current KM48V2100AL see . 300 HA 
(RAS=CAS=W=Vpp-0.2V) KM48V2100ALL 200 HA 
KM48V2100ASL 200 HA 
ATE Dnt. BFA : KM48V2100A/AL/ALL/ASL-6 100 mA 
ERS and CHSC, sree mei KM48V2100A/AV/ALLIASL-7 | ccs | - | 90 | mA 
al meaner: KM48V2100A/AL/ALL/ASL-8 ~ 80 | mA 
Battery Back Up Current Average Power Supply Current, _ 
Battery Back Up Mode, Input High Voltage (ViH)=Vpp-0.2V 
Input Low Voltage (Vit)=0.2V CAS=CAS-Before-RAS Cycling ee ae loc7 - - 
or0.2V Din=Don't Care Trac=62.54S/(L-Ver.) . 
1254S(SL-Ver), Tras=TRas min.~300ns 
Self Refresh Current 
RAS=CAS=0.2V 
W=OE=Ao-A10=Vop-0.2V or 0.2V mee y2 COREE oes . at We 
DQ1~DQs=Vpp-0.2V, 0.2V or Open 
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KM48V2100A/AL/ALL/ASL : CMOS DRAM 





DC AND OPERATING CHARACTERISTICS (Comtinged) 


(Recommended operating conditions unless otherwise noted) 

















































Parameter 
Input Leakage Current iM il 
(Any input 0< Vin <Vpp+0.3yV, all other pins not under test=0 volts.) 
Beton cdc @ <VouT <Vpb) . | low) 1G { ° | BA 
Output High Voltage Level (loH=-2mA) VOH [aa] - V 
Output Low Voltage Level (loL=2mA) VoL = 0.4 V 


*NOTE: Icc1, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates: Specified values are obtained with 
the output open. Icc is specified as an average current. Yn Icc1 and icc3, Address can be changed maximum 
two times while RAS=ViL. In Icca, Address can.be changed maximum once within one fast page cycle. 


’ 


CAPACITANCE (ta=25°c, voo=3.3V, f=1MHz) 











input Capacitance (Ao~A11) 
Input Capacitance (RAS, CAS, W, OE) 





























































































































Input Capacitance (DQ1~DQs) pF 
AC CHARACTERISTICS (°c <ta<70°C, Vov-3.3V+0.3V, See notes 1,2) 
Test Condition : Vih/Vii=2.0V/0.8V, Voh/Vol=2.0V/0.8V, Output Loading CL=100pF 
- -7 -8 ; 
Parameter Symbol rin | Max | sate sace: | Wie | hace Units | Notes 

Random read or write cycle time tRc 110 |- 130 150 ns 
Read-modify-write cycle time trwc {| 155 185 ‘ei | 205 | ns {_ 
Access time from RAS tRAC 60 70 | 80| ns | 3,4,11 
Access time from CAS tcac 15 _| 20 “20 | ns | 34,5 
Access time from column address tAA 30 35 40) ns 3,14 
CAS to output in Low-Z | toiz 0 ol ae ns 3 
Output buffer turn-off delay . torF 0 15 | 0 20 0 20; ns 7 

- . | Transition time (rise and fall) tT 3 50 3 50 3 50; ns 2 
RAS precharge time | tre | 40 aid 50 i ol | ns ‘a 
RAS pulse width : tRAS 60 | 10,000 | 70); 10,000) 80; 10,000; ns 
RAS hold time | tRSH % | 2 20 ae ns | 
CAS hold time tcsH 70 | 80 ns | 
CAS pulse width ~ | teas 15 | 10,000 10,000; 20 ico | ns 
RAS to CAS delay time taco 20 50 | 20 60} ns 4 
RAS to column address delay time tRAD oe 35 | rl : pia | i | 
CAS to RAS precharge time tcrP 5 ns” 
Row address set-up time tAsR 0 ns- 
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AC CHARACTERISTICS (Continued) 






Row address hold time 


-8 





+ Units 









































































































Column address set-up time 0 0 ns 

Column address hold time __|_tCAH 15 15 ns 

Column address hold time referenced to RAS taR 55 60 ns | 6 
Column address to RAS lead time _ TRAL 35 | 40 ns 

Read command set-up time tRCS 0 0 ns 

Read command hold time referenced to CAS |_tRCH 0 0 ns 9 
Read command hold time referenced to RAS { tRRH 0 0 ns 9 | 
Write command hold time. tWCH 15 15 ns 

Write command hold time referenced to RAS | 60 ns 6 
Write command pulse width 15 | ns | 

Write command to RAS lead time 20 | _ ns 

Write command to CAS lead time 20 | ns 

Data set-up time . 0 ns 10 
Data hold time = _ oie 5 | ns 10 
DataholdtimereferencedtoRAS 60 ~ ns 6 
Refresh period (Normal) = 32] ms 

Refresh period (Low power & Self Ref.) _ 128] ms 

Refresh period (Super Low power) 256] ms 




































































































Write command set-up time 0 | ns 8 | 
TAS to W delay time 50 =a 8 
RAS to W delay time 110 | ns 8. 
Column address to W delay time 70 ns 8 
CAS set-up time (CAS-before-RAS refresh) tcsrR 10) 10 | 10 ns 

CAS hold time (CAS-before-RAS refresh) tCHR 10° 15 15 ns 

RAS to CAS precharge time tRPC 5 5 5 ns 

CAS precharge time (C-B-R counter test cycle) | tcPT 20 30 30 | ns 

Access time from CAS precharge tCPA 35 40 45 |_ns 3 
Fast Page mode cycle time tPc 45 | 50} ns 
| Fast Page mode read-modify-write cycle time tPRWC 100 105 |_fs 

CAS precharge time (Fast Page mode) tcp 10 10 | ns 

RAS pulse width (Fast Page mode) tRASP 200,000; 70 200,000; 80 200,000 ns | 

RAS hold time from CAS precharge tRHCP 40 | 45 ins 

OE access time tOEA 15 20| 20; ns 

OE to data delay | tOED 00 | 20 | ns 
Out put buffer turn off delay time from OE tOEZ 15 | 0 20 0 20 |_ns | 








OE commend hold time 
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AC CHARACTERISTICS (Continued) 


[ws | to) | 10 


Write command set-up time (Test mode in) 





Write command hold time (Test mode in) 


W to RAS precharge time (C-B-R refresh) 
W to RAS hold time (C-B-R refresh) 

RAS pulse width (C-B-R self refresh) 
RAS precharge time (C-B-R self refresh) 
CAS hold time (C-B-R self refresh) 








































































































TEST MODE CYCLE : | (Note.12) 
ee 
Parameter Symbol Units 
[Min | Max | Min | Max | Min | Max_ 

Random read or write cycle time tRC ais{ sf vas] tss{ | ns | 
Read-modify-write cycle time | trwc 160] | 1900| | aol tor] | 
oes torEES wcll | esl | vl | a5] ne | gaat | 
‘Access time from GAS two | | of | ||| ns | 34s | 
Access time from column address tAA |] 3s] | ao] S| as] ons | ott | 
RAS pulse wiath tas | 65| 10.000| 75| 10,000| 85 | 10,000} ns |_| 
CAS pulse width tcas | 20| 10,000] 25| 10,000| 25| 10000] ns | | 
RAS hold time trsy | 20] | 

CAS hold time . tcsH_ | 65 (=. 
Column address to RAS lead time tRAL 35 

CAS to W delay time tcwo 45 

RAS to W delay time tRWD | 90 | 

Column address to W delay time tawD | 60, 

Fast Page mode cycle time tPcC 45 

Fast Page mode read-modify-write cycle time | tprwc| 90 | 105 110 ns 

RAS pulse width (Fast Page Mode) tRASP 65 | 200,000} 75 | 200,000; 85 200,000 | ns 

Access time from CAS precharge _ tCPA 40 45 50/ ns 3 
OE access time 20 | 25 25| ns 

OE to data delay © toeD 20 25 25 ns 

OE command hold time tOEH 20 25 | 25 ns 
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NOTES 
1 


om 


An initial pause of 200#s is required after power-up 
followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


. ViK(min} and ViL(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 
assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 100pF and 


Voh=2.0V(louT=2mA), Vol=0.8V(louT=2mA) 


. Operation within the tRcp(max) limit insures that 


tRAc(max) can be met. tRcD(max) is specified as a 
reference point only. If trcp is greater than the 
specified tRcp(max) limit, then access time is 
controlled exclusively by tcac. 


. Assumes that tRcb >trRcp (max). 
. TAR, twcr, tDHR are referenced to tRAD(max). 
. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to VOH or VoL. 


. twcs, tRwpd, tcwod and tawp are non restrictive 


operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo >tcwo(min), tawo > 
tawo(min) and tawb > tawp(min), then the cycle is a 


TIMING DIAGRAMS 


READ CYCLE 
RAS ViIH— 
Vit— 

CAS 
A 

m— PYVYVVYYVYVVVY RY 

Ha: ye 

tH—  YYYVYVYVV VY VV VY VV VV 

oF Whe RXR) 
| L — tRac E 

DQ; -DQ, ve ~ OPEN 


10. 


11. 


12. 
13. 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

Either tRCH or tRRH must be satisfied for a read 
cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the trap(max) limit insures that 
trac(max) can be met. trRAD(max) is specified as a 
reference point only. If tRaD is greater than the 
specified tRAD(max) limit, then access time is 
controlled by taa. 

These specifications are applied in the test mode. 
In test mode read cycle, the value of tRAC, taa, tcAc 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 


. torF(max) and toez(max) define the time at which 


the output achieves the open circuit condition and 
are not referenced to output voltage level. 


. 2048 cycle of burst refresh must be executed 
‘within. 16ms before and after self refresh, in order 


to meet refresh specification. 
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VALID DATA-OUT D 
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' TIMING DIAGRAMS continued) 
WRITE CYCLE (EARLY WRITE) 






































tre 
— Wa tRaS tre 
RAS tar 
/ Vi 
tcre ines ; | 
oe He fa ees tche ae, 
; iL 
tasR Po ca] Seemed . 
Vin— YYVYYY XY ROW y, AAIVVYVVYV Y Y VY VVVVVVV A AAA ADA 
NEKO 2S 
; r— trap 
twos 
ee Vin— IVY VY VOY V VA TVA VA RAPDAAWNV VY VY YUV YY VOU 
: vu SOX TTI ROKK NY 
ea twcrR 
tRWL 
Vin— VVVVVVVYYVVYVYVYVVVYVVYVYVYYVUVVY VAAAVUVY YWuUVUYVY VV VU WIV VV VV VV 
ce Vi BERRA KKK KKK KKK KRY KR RAE 
, as 7 
tos fs] 
DQ,-DQs oe {VALID DATAIN J Pn ————$—$——$$—$— 


WRITE CYCLE (OE CONTROLLED WRITE) 























tre 
tras —— trp 
= : 
tcsH 
tcrp 
— taco 
ew Vin— 
me an Cee ae, 
tas | | tran +] tasc + toan 

Vin— VVVVV IV AAS YY VV VV VV V S/V VVVVV 

A va COX ReBhess AP sponte PKR RX RY) 
towL 
: tRWL : 
— Vip— VVVVVUVVVVVVVVVVVV VV VY VV ? (VV VV VV V VV VVV Y YYVVVY YVVVYVV 
vn XEXXRRKX ALYY KRKKXXAY DS XXXL XN ARKXXRXENY 
_ |toeH 

OE Vip— OX XXXXKXKKKKK KK XX XA RRR RRR 

Vit—- .4,0.9,6.0,0.6.0.9.0,0.0,0.0.0.0,0 OKAY 9.4,9.9.0,0.9.0.9.0.9,9.0,9,0.6.9, XX 

—-toH oo : 

Vin— LAJ/VVVVV Tet aVala’, VVUVVVVVVVJVYVYVYVVYVVVY 

oa eee ee GAY van datain KYA AA KX 
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TIMING DIAGRAMS (Continued) 
READ-MODIFY-WRITE CYCLE 


















































— Viq— 
RAS Vice 
CAS ViH— 
Vit— 
Vin LITT AKAN VV VY OI VW I MV 
Oo ee ties ABOAESS _ PARRY EK KKK Lik 
tte Ge ee te call | 
a. ———- a +— tRWD — tRWL 4 
Ww ViH— 7,1, 70¥4"a%a%a¥a"a"a%a’a’sVals Om 
its a A RAK 
. | tOEA : 
==, Vip— OAYYVYVVYAAIYV OV VY Y 
oE Ve RRR AX mee 
| im tcac tos ; 
fn tracct-> = pm "DH . 
ViloH — Y A. MYYY VV YXY XV VY XXX 
coe fe Maou PAR Baran ROR KN 
live = 


FAST PAGE MODE READ CYCLE 





































































Lane trasP — —— call 

RAS wae 

Vit— 

trHcp 
tec 
tcrP| | — es tRSH = 

—_— Vin— > tcas : 
CAS tcas j tcas 

ae ep anime [/ 

tesH tral -————— 
tah tRaH tasc ICAH tase tcaH 

Vs TORU ROTL Eo pertinence rt 

A Vi RR ADD IRR. RBDRESS RYN aooness KORA aooress DRC 
wf [teal Lh Bgl 0 
H 

W Vin— RY | =7 ", es | ad NK XXX KX 

vie OK y vem tN 

taa 
= VIH- RYVYYY VYVYX (XX IXY VY YY = YYVYVYVYYYYVYY 
OE Vn EX 0! RSV ERION | BRR 
IL 
. teLz a an toiz toez 

Vou— YW VALID WZ VALID 7 VALID 

DQ,-DQe Wace UX DATA-OUTS YX DATA-OUT) 1) tba our 
kX DON’T CARE 
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TIMING DIAGRAMS (Continued) 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


RAS 


CAS 


S| 


DQ, -DQs 


RAS 


CAS 


=| 


DQ,-DQg, 











tre 
-—~—  -trasP wee —| | 
— tar J : 








tec | t 
TORR’ estos’ ee ti«‘CYP PR eg Sw SS RSH- — 
causal | ae | ees tcp - 
\\ tcas tcas— N tcas { / 
4 
tran | “ “Toa | t , tcaH ! ae 
tasr man tasc [77 ASC t t 
eee : | tasc| __tcaH | 





NIX R00 RAK, SBoncss AXXO Sones PY, Seowess NAVA) 

















tRaD : 
os HH -+— tewL——+ twes towL- iwos = teases 
twos-— Was wen _| i twcH j LU ; tRWL . 
KYRA. te —— ALY LE twe — AYO Lt AVY 
ih DT ANT 


UNUUH VNU OCN Oven edtarararara”ars’AtUe'a ene vaarereraneauaasraresaevarareraarere’ere’e’a’e’e’e’ 
ARERR ARRAN RRR CR OR ORR OK KON INNS 


: SOS a {ij || 
itos | {ton | tos! : toy tos |! tox 































NN ESE NN CL 














ip es tcsH— Spee aS | 


tre 
ee ae ee ee ee a — 
| 


p——- -. -.. — tg —--—_—— 


few tcrP 





——-tacp-—j—_-- tcas — 
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XX] DON’T CARE 
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TIMING DIAGRAMS (continuea) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don’t care 











— Vin— 
RAS Wie 
ee Vin— 
CAS 

Vi— 








[*Ase i | 
no RRR now amo XRAY ONO 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Vin, OE, A=Don’t Care 








is 4 ViH— 
RAS 

Vii— 

ViH— 
CAS 

Vit— 





| torr 
VuioH — . 
DQ,-DQg Vio. — : OPEN seers SR SNTNNERLT 


CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 





AAS Vin 
Vii — 
eee Vin — 

CAS 
Vit — 
VoH — 

DQ,-DQg 

VoL — 


XX] DON’T CARE 
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TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 
a ees 

















































7 ae. — -—tRas tre -—- tras - trp 
RAS taR - 
Vii— 
| 
: ie |. tacp —_-++-—- trsH — + {CHR ae | 
CAS ae tas \\ 
tasR t+ — ae P[teae | ; 
Vin- 0 K\ + vsVaaVa¥a¥aTaVaVa¥aTAvAvaVaVavAvavavavaVa¥aravavavavavavavavavavavay, 
mc AK BRYA SSSREES DRAKA KRY) 
. | trcs | | . | tRRH 
at Vie— WAYWVYVVV AIA VV IVVVVIV VV VV VV WV VV 
= ERT | ____ESREERCEEOIOTINIEO 
== VIH— AI VV YV\ | toca ; JIVIWYVIWVVWYVWYVVWVW¥ W/W YY¥V/V/ 
me RO RR 
oe 4 
DQ,-DQs Vou— 



































HIDDEN REFRESH CYCLE (WRITE) | 
— — tre sae: tre 
; % OA AA AAA AAT AVAVAYAVAVAYAYAYAVAYAVAANA'ATAN, 
aBames KKK KK KKK RK RY 
| twos Le | twoH — 
WwW Vin— ieee ae twe V/V Y \/ V/VYV/ YY VY VYVVY \/ 
tae ON ERK RRR KKK 
—— Vin— YVYV YY VY A/S YA SY A/V Y¥ SADA AAPL AI DTA AAA AA SJ YVVYVVY 
Fa RRR RRC RR RII 
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TIMING DIAGRAMS (Continued) 


CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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trp 





































































a Vin— 
RAS 
Vit— . 
| tose ~tcHr top - tRSH 
CAS nae \ tcas- / | 
tasc | 
Vii— AAJ VALRAAAAADANAANA\/V AAI Y)AA/V\A AAAA\AAA/A/YVA/VY 
: 1 NRK DK__Aspacss PAA AAR RY 
READ CYCLE ea or 
— Vin— YY AAAAA YAS AA/AA/V¥9 AAA /\/ 
vee COON ees, XXX 
= Vin— AAKAIWIWVVWVAAWVANAIAA AIA | t0£A EAAAAIAIKARAR IAA 
oF ae ORK an 
torr 
es 
< os 
WRITE CYCLE 
a! Vin— W/VVA/J/A/VY JY AAAS A/V ines VYVVVVVV/VVVV/VV/V/VVV 
Mn le UN AYN NY 
"ds Vin— V/V YVVVSVV VV VV VV VV VY VV VV VV VY VV VV VV VV YY VV VV V VV 
PSU AGU NOH U OU Orosib dn etrirorcbrorsrorrorcdroreui ur ororsauiroriiio 
a rr 
towe 
READ-MODIFY-WRITE I wo mm — 
_ Vin— AKAAIKAIIKIIOII UO twe , JOO 
w 1 TERY OY) 
a Vin— STII RR RTI 
OE Ve TALK 
; tbH 
DQ,DQ, ea (X) a ) Ea 
Saou | 
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PACKAGE DIMENSION 
28-LEAD PLASTIC. SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


0.720(18.29) 
0.730(18.54) | 
Pe 


0.027(0.69) 















0.375(9.53) 
0.446(11.30) 





0.365(9.27) 
0.435(11.05) 





0.395(10.03) 
0.405(10.29) 
0.008(0.20) 
0.01 2(0.30) 





LIL LILI | 
0.026(0.66) 
0.032(0.81) 0.140(3.56) 


0.148(3.76) 











SRC 


0.050(1.27) 
MAX 


siaeatic | 0.050(1.27) 
0.020(0. ne TYP 


28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 


Units: Inches (millimeters) 





0.740 (18.80) ‘ 0.03 . aoe 80) 


0.005 | _ 2.005 0.15 13) 


0.722 (18.36) 0.037 (0.95) 0.008 (0.20) 
0.726 (18.46) 0.041 _f 0041 (1.06) 05) 
0.037 (0.95) a 0.048 (1.22) 4 [a 0.016 (0. ao) 
0.052 (1.32) 0.020 (0.50) 











0.459 (11.66) 
0.466 (11.86) 





0.398 (10.11) 
0.402 (10.21) 
0.423 (10.76) 














- 0.016 (0.40) 
0.024 (0.60) 
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CMOS DRAM 





2M x8 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES 


* Performance range: 


me [ie oe [ee 
 RRBOATALLASL | ew | re [TO | tm 
RaenOWALALLASL-© | ew | ne [160 | ot 


¢ Fast Page Mode with Extended data out 

¢ Self Refresh Operation (LL-ver. only) 

- Byte Read/Write operation 

- CAS-before-RAS refresh capability 

¢ RAS-only and Hidden Refresh capability 

« LVTTL compatible inputs and outputs 

¢ Early write or output enable controlled write 

¢ Single+3.3V+0.3V power supply 

¢ 4096 cycles/64ms refresh (Normal) 

« 4096 cycles/128ms refresh (Low power & Self Ref.) 
* 4096 cycles/256ms refresh (Super Low power) 
« JEDEC standard pinout 

¢ Available in plastic SOJ and TSOP({II) 












FUNCTIONAL BLOCK DIAGRAM 









Control 
Clocks 







Refresh Timer 
eee 
Refresh Control 
Refresh Counter 
[| Row Address Buffer 
Col. Address Buffer 


AQ~A11 


A0~A8 





Ves Generator 


Vopb 


Memory Array 
2,097,152x8 
Cells 





Column Decoder 


GENERAL DESCRIPTION 


The Samsung KM48V2004A/AL/ALL/ASL is a high 
speed CMOS 2,097,152 bitx8 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM48V2004A/AL/ALL/ASL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM48V2004A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 






Data in 
Buffer 










Data out 
Buffer 
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KM48V2004A/AL/ALL/ASL aaa CMOS DRAM : 





PIN CONFIGURATION (top views) 


+ KM48V2004 AJ/ALJ/ALLJ/ASLJ + KM48V2004 AT/ALT/ALLT/ASLT ¢ KM48V2004 ATR/ALTR/ALLTR/ASLTR 


DQ, DQ, 
DQo2 DQ2 
DQ, 44 DQ3 
DQ, DQ, 
W = 
AS RAS 
Atl Alt 
Ai0 Aio 


Voo VDD 





J: 400MIL T: 400MIL (Forword) _ TR : 400MIL (Reverse) 


Ao-A11 Address Inputs 
Data In/Out 


Ground 


~8 
S Row Address Strobe 
S 


Vs: 


Read/Write Input 
Data Output Enable 
Vob Power(+3.3V) 


S 
CAS Column Address Strobe 
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ABSOLUTE MAXIMUM RATINGS 


[rameter «| Symbor—ating ts 
[ Votage on Any Pin olaivotoves «| WV | a 
[Power Dusiion ———SSSC~d Sw 

ee ee ed 











Short Circuit Output Current mA 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (voltage referenced to Vss, Ta=0 to 70°C) 







[Parameter | Symbol 
Supply Voltage 


Input High Voltage 
input Low Voltage 





Operating Current* 
(RAS and CAS Cycling @trc=min.) 


Standby Current 
(RAS=CAS=W=Vi ) 


RAS-Only Refresh Current* 
(CAS=ViH, RAS Cycling @trc=min.) 


Hyper Page Mode Current* 
(RAS=ViL, CAS, Address Cycling @tec=min.) 


Standby Current 
(RAS=CAS=W=Vop-0:2V) 


CAS-Before-RAS Refresh Current* 
(RAS and CAS Cycling @trc=min.) 


Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage (ViH)=Vpp-0.2V 
input Low Voltage (Vit)=0.2V CAS=CAS-Before-RAS Cycling 
or 0.2V DQi~DQs=Don't Care trco=31.25ys(L-Ver) 
62.5#s(SL-Ver), tras=tras min.~300ns 


Self Refresh Current 
RAS=CAS=0.2V 
W=OE=A0-A11=Vop-0.2V or 0.2V 
DQ1~DQs=Vop-0.2V, 0.2V or Open 


PANS UN 
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DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 


Parameter 





KM48V2004A/AL/ALL/ASL-6 
KM48V2004A/AL/ALL/ASL-7 
KM48V2004A/AL/ALL/ASL-8 


KM48V2004A 
KM48V2004AL 
KM48V2004ALL 
KM48V2004ASL 


KM48V2004A/AL/ALL/ASL-6 
KM48V2004A/AL/ALL/ASL-7 
KM48V2004A/AL/ALL/ASL-8 


KM48V2004A/AL/ALL/ASL-6 
KM48V2004A/AL/ALL/ASL-7 
KM48V2004A/AL/ALL/ASL-8 


KM48V2004A 
KM48V2004AL 
KM48V2004ALL 
KM48V2004ASL 


- KM48V2004A/AL/ALL/ASL-6 


KM48V2004A/AL/ALL/ASL-7 
KM48V2004A/AL/ALL/ASL-8 


KM48V2004AL 
KM48V2004ASL 


KM48V2004ALL | 


See oe 
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DC AND OPERATING CHARACTERISTICS (Continued) 


(Recommended operating conditions unless otherwise noted) 


























Input Leakage Current . 
(Any input O<Vin <Vpp+0.3YV, all other pins not under test=0 volts.) a kL = Ip fs 
oe aici | jw | 0] 10 | oA 
| Output High Voltage Level (loH=-2mA) . ae VoH 2.4 | - V 
Output Low Voltage Level (lo.=2mA) VoL = 0.4 V 








*NOTE: Icc1, Icc3, Icc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=ViL. In Icc4, Address can be changed maximum once within one Hyper Page cycle. 


CAPACITANCE cta=25°c, Vov=3.3V, f=1MHz)) 
ravanster Sib 


Input Capacitance (Ao~A11) 





Input Capacitance (RAS, CAS, W, OE) 
Output Capacitance (DQ1~DQs) 








AC CHARACTERISTICS (0°c<Ta<70°C, Vov=3.3V+0.3V, See notes 1,2) 
Test condition: Vin/Vii=2.0V/0.8V, Voh/Vol=2.0V/0.8V, Output Loading CL=100pF 







































































Parameter Symbol = w ik Units} Notes 
| Min | Max | Min| Max | Min | Max 

Random read or write cycle time tRC 150 | ns 
Read-modify-write cycle time tRWC 205 | ns_| 

Access time from RAS tRAC i 70) ae 20 | ns_| 34,11 
Access time from CAS | toac 20 | 20] ns | 3,45 | 
— time from column address taa 35 | ail 40 |_#s 3,11 
CAS to output in Low-Z tcLz 3 ns 3 

OE to output in Low-Z tolz 3 i ns | 3 
Output buffer turn-off delay from CAS | toe he 20|_ 3| 20 |_ fs 7,14 
Transition time (rise and fall) - a | tT 50 its 2 50 |_ ns 2 
ees precharge time trp ip s0| 60 | ns | 

RAS puise width tRAS 40,000 80 | 10,000! ns | 
RAS hold time tRSH [ol 20 | | ns | | 
CAS hold time | tCSH tT 60 | ns A 
CAS pulse width {_ teas 10,000 {| 20 Fane |. ns | 

RAS to CAS delay time tRCD 50| 20! 60] ns 
| RAS to column address delay time tRAD 35 15 fees 40 | ns a 4 
CAS to RAS precharge time tCRP ; 5 T ns 11 




















ELECTRONICS 


KM48V2004A/AL/ALL/ASL CMOS DRAM 





AC CHARACTERISTICS (continued) 


-6 -7 -8 
Parameter Symbol a Units ; Notes 
Min | Max Mi Max Min | Max 
























































Row address set-up time tASR 0 Je3 0 — 0 [os 

Row address hold time | tRAH 10 10 | 10 = ns bee 
Column address set-up time tasc 0 0 0 ns | 
Column address hold time [toa 10 T ud 15 ns _| 
Column address hold time referenced to RAS taR 45 55 [ 60 i ns 

Column address to RAS lead time tRAL 30 35 40 ns 6 
Read command set-up time | tres 0 0 [ | Oo} | ns ] 

Read command hold time referenced to CAS tRCH 0 0 0 ae 

Read command hold time referenced to RAS [tren 0 le 0 0 ns 9 
Write command hold time tWCH 10 15 15 rf | ns |g 
Write command hold time referenced to RAS twcR 45 55 a 60 ns 73] 
Write command pulse width twp 10 15 15 ns 6 
Write command to RAS lead time tRWL 15 + 20 = 20 | | ns i= 
Write command to CAS lead time | tow. 10 | 15 20 ns 

Data set-up time tps 0 0 0 ns 10 
Data hold time tDH 40 | 15 15 ns 10 


Data hold time referenced to RAS Htone | 45/0 | 55 60 ns 6 


Refresh period (Normal) tREF 64 64 ‘64| ms 




























































































Refresh period (Low power & Self Ref.) tREF 128 128 128] ms 

| Refresh period (Super Low power) tREF 256 | 256 a 256| ms | 

Write command set-up time twcs 0 0 0 ns 8 
CAS to W delay time | tewo 40 | 50 50 | ns_| a 
RAS to W delay time tAwo 85 |_ 100 i 110 | [ns 8 
Column address to W delay time tawo 55 | 65 70 Re ns 8 
CAS precharge to W delay time tcpwo | 60 70 75 [ ns 8 
CAS set-up time (CAS-before-RAS refresh) tcsR 10 10 | 10 ns_ | 

‘CAS hold time (CAS-before-RAS refresh) tCHR 10 15 15 Li 

RAS to CAS precharge time ij tRPC 5 [5 Sf |__ns 

CAS precharge time (C-B-R counter test cycle) tcPT 20 30 30 ns 

Access time from CAS precharge _| tera 35 40 | 45| ns 3 
Hyper Page cycle time ae tHPC 24 29 wid) ns 17 
Hyper Page read-modify-write cycle time | tere 71 86 | 96 ns 7 | 
CAS precharge time (Hyper Page cycle) tcp 10 10 10 ns 

RAS pulse width (Hyper Page cycle) tRASP 60 | 200,000 | 200,000 | 80 | 200,000 ns 

[RAS hold time from CAS precharge : | trHoe | 35 | 40] 45 | |_ns 

OE access time tOEA 15 20 20|- ns 
== aad Bi ean 

OE to data delay toED 15 20 20 
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AC CHARACTERISTICS (ontinuea) 


P. 

ee ans 

Output buffer turn off delay time from OE | to | 3{ 15; 3] 20] 3] 20] ns | 7,14 | 
OE commend hold time | ton | 15} | 2 


Write command set-up time (Test mode in) twTs Fa all 


two | 10 























Ss 


Write command hold tire (Test mode in) 
W to RAS precharge time (C-B-R refresh) 
W to RAS hold time (C-B-R refresh) 
Output data hold time 

OE to CAS hold time 

CAS hold time to OE 

| OE precharge time 


| 10 
tei 
zz 
ei 
ee 
5 
W pulse width (Hyper Page Cycle) ie 
Output buffer turn off delay from RAS | 3] 
| 
15 | 


N MN 
re —_ 
> on 


aes 
asl 
oll 
<= 
wd 
aes 
a 
eel 

5 


ae 


~ 
= 
> 


Output buffer turn off delay from W 


gz (gg lage le |g ig gg 
B S R m Oo jt riv 
—_ 
oO |hM a poe [oe 
So 
ss = 
—s —_ —_ 
S 8 ow fo) o}o 
Nh 
an 








W to data delay Ee 
RAS pulsé width (LL-ver) } 100] | 
RAS precharge time (LL-ver) lato] | 
GAS hold time (LL-ver) | tows | 50] | 
TEST MODE CYCLE | (Note. 12) 





-7 


— 
= 
a 
—_ ' 
Le) 
a 


_ |Random read or write cycle time 
t y time 


_ 
o> 
oO 





Read-modify-write cycle time 
Access time from CAS 
Access time from column address 


Ba UUUUE g 





CAS pulse width 


—_ 
i= 
S 
No 
So 
a 
i) 
(=) 
S 
S 
1) 
oa 
2 
° 
S 
.o) 


RAS pulse width 


a | oe |e 
i) 9 





Z 


$ time fr 
a 

. | RAS to W dela 
, 
RAS pulse width (Hyper Page Cycle) tRASP 





+ 
OQ 
= 
iw] 





Tis |F 
Hau 


RAS hold time : 
CAS hold time . 





j 

oO 
—_ 

_ 
Orn | 
AE lala, 





200,000 








200,000} 75 | 200,000 
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TEST MODE CYCLE (Continued) 






Parameter 





Access time from CAS precharge 











OE access time _| toca 








OE to data delay toeD 














OE command hold time 








TEST MODE DESCRIPTION 


The KM48V2004A/AL/ALL/ASL is the CMOS DRAM 
organized 2,097,152 words by 8 bit internally 
erganized 1,048,576 words by 16 bits. In " Test Mode’, 
data are written into 16 sectors in parallel and retrieved 
the same way. Column address bit AO is not used. If 
upon reading, two bits on one I/O pin are equal (all "1" 
or "O"s) the I/O pin indicates a "1". If they were not 
equal, the I/O pin would indicate a "0". In Test Mode", 
the 2Mx8 DRAM can be tested as if it were a 1Mx8 


NOTES 


1. An initial pause of 200us is required after power-up 
followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 

2. Vin(min) and ViL(max) are reference levels for 
measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 
assumed to be 5ns for all inputs, without tHec and 


tHPRWC. 
3. Measured with a load equivalent to 1TTL loads and 


100pF. 

4. Operation within the trcp(max) limit insures that 
trac(max) can be met. trcp(max) is specified as a 
reference point only. If taco is greater than the 
specified trcp(max) limit, then access time is 
controlled exclusively by tcac. 

. Assumes that tcp >tRCD (max). 

. tar, twcr, tbHR are referenced to tRAD(max). 

7. This parameter defines the time at which the 
output achieves the open circuit condition and is 
not referenced to VoH or VOL. 

8. twcs, trwp, tcwp and tawp are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo>tcwp(min), trawo> 
trwp(min) and tawp >tawo(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


oo 














“DRAM. W and GAS before RAS Cycle (WCBR, Test 


Mode In Cycle) puts the device into "Test Mode", And 
"CAS before RAS Refresh Cycle" or "RAS Only Refresh 
Cycle" puts it back into "Normal Mode". In the Test 
Mode, "W and CAS before RAS Refresh Cycle" 
peforms the refresh operation with internal CBR refresh 
address counter. "Test Mode" function. reduces test 
time (1/2 in cases of N test pattern). 


9. Either tRCH or tRRH must be satisfied for a read 
cycle. 

10. These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

11. Operation within the trap(max) limit insures that 
tRAc(max) can be met. trap(max) is specified as a 
reference point only. If tRaAD is greater than the 
specified trap(max) limit, then access time is 
controlled by taa. 

12. These specifications are applied in the test mode. 

13. In test mode read cycle, the value of trac, taa, tcac 
is delayed by 2ns to 5ns.for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

14. trEz(max), tceEz(max), twez(max) and toez(max) 
define the time at which the output achieves the 
open circuit condition and are not referenced to 
output voltage level. 

15. 4096 cycle of burst refresh must be executed 
within 64ms before and after self refresh, in order 
to meet refresh specification. 

16. If RAS goes high before CAS high going, the open 
circuit condition of the output is achieved by CAS 
high going. If CAS goes high before RAS high 
going, the open circuit condition of the output is 
achieved by RAS high going 

17. tasc 2 tcP(min), Assumn tT=2.0ns 
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TIMING DIAGRAM 


CMOS DRAM 


READ CYCLE _ | . 





ae i | | 
evi ee 


"Lid zing = 
8. YY M@M_C@{|{_lla —T 


OPEN =_ DATA-OUT a 





Vv 
pQi~pas . 
Vot 


ty Don't Care 


a” 


KM48V2004A/AL/ALL/ASL | CMOS DRAM 


WRITE CYCLE (EARLY WRITE ) 
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WRITE CYCLE (OE CONTROLLED WRITE ) 
NOTE : Dour = OPEN 
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PACKAGE DIMENSION | 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


0.720(18.29) ‘| 0.027(0.69) 
é 0.730(18.54) ; _ MIN 
PIC rm mo as 



















0.395(10.03) 
0.405(10.29) 
0.008(0.20) 
0.012(0.30) 
0.365(9.27) 
0.375(9.53) 
0.435(11.05) 
0.445(11.30) 














0.140(3.56) 
0.148(3.76) 





LJt J A J 
irs 0.026(0.66) 
0.032(0.81) 








[eco 


0.050(1.27) 
MAX 


0. 0.016(0.41 41 0.050(1.27) 
0.020(0.51 020(0. = TYP 


28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 


0.740 (18.80) , 0.03 See 80) 


ti 


0.005 |___ 0.008 1.13) 13) 
0.722 (18.36) 0.037 (0.95) 0.008 (0.20) 
; 0.726 (18.46) 0041 _ [bat (1.08) 05) 


a es, 
[O] 9.08 max _ | ee ee 


0.037 (0.95) | | 0.048 (1.22) | | 0.016 (0. wo} 
0.052 (1.32) 0.020 (0.50) 
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CMOS DRAM 





2M x8 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES 


¢ Performance range: 


de [te | oe | | 
anePDANIRLIASCS | Sirs | ew | Ti | 25 






KM48V2104A/AL/ALL/ASL-8 


* Fast Page Mode with Extended data out 

* Self Refresh operation (LL-ver. only) 

¢ Byte Read/Write operation 

¢ CAS-before-RAS refresh capability 

- RAS-only and Hidden Refresh capability 

« LVTTL compatible inputs and outputs 

¢ Early write or output enable controlled write 

« Single+3.3V +0.3V power supply 

* 2048 cycles/32ms refresh (Normal) 
* 2048 cycles/128ms refresh (Low power & Self Ref.) 
¢ 2048 cycles/256ms refresh (Super Low power) 
¢ JEDEC standard pinout 

¢ Available in plastic SOJ and TSOP!) 





FUNCTIONAL BLOCK DIAGRAM 
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GENERAL DESCRIPTION 


The Samsung KM48V2104A/AL/ALL/ASL is a high 
speed CMOS 2,097,152 bitx8 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM48V2104A/AL/ALL/ASL features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM48V2104A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


VbD 













Data in 
Buffer 











DQi 
Memory Array to 
2,097,152x8 DQs 
Cells 


Data out 
Buffer 


Sense Amps & IO 
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KM48V2104A/AL/ALL/ASL CMOS DRAM 





PIN CONFIGURATION (Top Views) 


* KM48V2104 AJ/ALJ/ALLJ/ASLJ + KM48V2104 AT/ALT/ALLT/ASLT + KM48V2104 ATR/ALTR/ALLTR/ASLTR 





J: 400MIL T : 400MIL (Forward) TR : 400MIL(Reverse) 





Ss Ground 
Row Address Strobe 


RAS 
Column Address Strobe 
WwW Read/Write Input 


Power. 











ELECTRONICS 





KM48V2104A/AL/ALL/ASL CMOS DRAM 


ABSOLUTE MAXIMUM RATINGS 


Voltage on Any Pin Relative to Vss -0.5~ 4.6 
Voltage on Vpp Supply Relative to Vss 


a = ae 
[ siope Temperate Tos dC to | 
Power Ditpstn ——=SC*~*=‘“‘*~*sdSC‘“‘éi OCS 
[Shon Great OupatGurent’ ds wd 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


[Parameter [Symbol Min [Wp] Max 
a 
FS nT RT ET 
a a ae el eT 
Fc sO SRI 





Input High Voltage 
Input Low Voltage ce ae) 


KM48V2104A/AL/ALL/ASL-6 
KM48V2104A/AL/ALL/ASL-7 icc1 
KM48V2104A/AL/ALL/ASL-8 


KM48V2104A 
Standby Current KM48V2104AL os 
(RAS=CAS=W=Vu1 ) KM48V2104ALL 
| KM48V2104ASL 


— . . KM48V2104A/AL/ALL/ASL-6 
is OMY MCE CARTE 2 KM48V2104A/AL/ALL/ASL-7 


(CAS=Vin, RAS Cycling @trc=min.) KM48V2104A/AL/ALL/ASL-8 


Pen ener KM48V2104A/AL/ALL/ASL-6 
Drag ae KM48V2104A/AL/ALL/ASL-7 loca 


Operating Current* 
(RAS and CAS Cycling @trc=min.) 


(RAS=ViL, CAS, Address Cycling @trc=min) KM48V2104A/AL/ALL/ASL-8 


KM48V2104A 
Standby Current . . “KM48V2104AL fee 
(RAS=CAS=W=Vo-0.2V) | KM48V2104ALL 
KM48V2104ASL . 


aaet ee , KM48V2104A/AL/ALL/ASL-6 
GS ed Gc eenain KM48V2104N/ALIALIASL-7 | Ice 
on 2 CATON KM48V2104A/AL/ALL/ASL-8 


Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage (Vin)=Vop-0.2V, 
Input Low Voltage (Vit)=0.2V, CAS=CAS-Before-RAS Cycling KM48V2104AL Icc7 


or 0.2V, DQ1~DQs=Don't Care, trc=62.5s(L-Ver) KM48V2104ASL 
. | 1254s(SL-Ver), tras=tras min.~300ns 


Self Refresh Current : 

RAS=CAS=0.2V 

W=OE=Ao-Ato=Voo-0.2V or 0.2V_ RNNRY2 IDI locs 
DQ1~DQs8=Vpp-0.2V, 0.2V or Open 


canes 
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KM48V2104A/AL/ALL/ASL CMOS DRAM 





DC AND OPERATING CHARACTERISTICS (Continued) 


(Recommended operating conditions unless otherwise noted) 






Parameter 






Input Leakage Current 
(Any input 0< Vin <VppD+0.3V, all other pins not under test=0 volts.) 





Output Leakage Current 
oe out is disabled, OV<VouT <Vbp) 
0 








utput High Voltage Level (loH=-2mA) 

















Output Low Voltage Level (loL=2mA) 


*NOTE: Icc1, icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. In Icca, Address can be changed maximum once within one Hyper Page cycle. 


CAPACITANCE (ta=25’c, Voo=3.3V, f=1MHz)) 


Input Capacitance (Ao~A10) 








input Capacitance (RAS, CAS, W, OE) 
Output Capacitance (DQi~DQs) 








AC CHARACTERISTICS ('c<tTa<70°C, Von=3.3V +0.3V, See notes 1,2) 
Test Condition : Vin/Vii=2.0V/0.8V, Voh/Vol=2.0V/0.8V, Output Loading CL=100pF 







































































-6 -7 8 
Random read or write cycle time tRC 130 150 ns 
Read-modify-write cycle time trwc | 185 | 205 L ns —- 
Access time from RAS tRAC 60 70 80; ns | 3,4,11 
Access time from CAS tcac 15 20 20] ns | 3,4,5 
Access time from column address tAA 30 35 fe 40| ns 3,11 
CAS to output in Low-Z tcLz 3 if 3 ns 3 
OE to output in Low-Z toiz 3 3 ns 3 
Output buffer turn-off delay from CAS tOEZ 15 3 20 3 20| ns 7,14 
Transition time (rise and fall) tT a 2 50 [2 50} ns 2 
RAS precharge time tRP 50 ~. 288 ns | 
RAS pulse width tRAS 10,000 | 70) 10,000} 80; 10,000] ns 
RAS hold time tRSH 20 20 ns 
CAS hold time | tcsH | 50 ng ns 
CAS pulse width tCAS 10,000 15 | 10,000; 20] 10,000) ns 
RAS to CAS delay time tRcD 45| 20 50 | 20 60| ns 
RAS to column address delay time tRAD 30 15 35 15 40} ns 4 
CAS to RAS precharge time tcrP 5 5 ns 
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AC CHARACTERISTICS (continued) 


Row address set-up time 


a 


— 
Oo 


Row address hold time 

Column address set-up time 

Column address hold time 

Column address hold time referenced to RAS 
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Column address to RAS lead time 


Read command set-up time 
Read command hold time referenced to CAS 





Read command hold time referenced to RAS 
Write command hold time 
Write command hold time referenced to RAS 


Write command pulse width 


Write command to RAS lead time 





— |}rRoO }— —_ 
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Data set-up time 

Data hold time 

Data hold time referenced to RAS 
Refresh period (Normal) 
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os 
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Refresh period (Low power & Self Ref.) tREF 


ined 
oa 
o> 
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or 
NO 
a 
Oo 


Refresh period (Super Low power) tREF 








Write command set-up time 
CAS to W delay time 

RAS to W delay time 

Column address to W delay time 


| 
na 
—_s 
anfiloia 
o/o1/5 
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CAS precharge to W delay time 

CAS set-up time (CAS-before-RAS refresh) 
CAS hold time (CAS-before-RAS refresh) 

RAS to CAS precharge time , 

CAS precharge time (C-B-R counter test cycle) 


a 
on 








ah | me 
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nm 
N i=] 
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~ | Access time from CAS precharge 
Hyper Page cycle time 








Hyper Page read-modify-write cycle time 


a 


CAS precharge time (Hyper Page cycle) 


a 
ms) 
Uv 


ao 
z |g 
Zio 
oO 
=a I~ /nm i) 
oj;- | =) 
3 
ek iS “ 
or Qo on 


RAS pulse width (Hyper Page cycle) 00,000 
RAS hold time from CAS precharge 
OE access time 


OE to data delay tOED 15 
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AC CHARACTERISTICS (Continued) 


















































































































































































































































[es a en ee (Atte ee 
Parameter smb Units | Notes 
eae 
Output buffer turn off delay time from OE tOEZ 15 3 20 3 . 20 ns 7,14 
OE commend hold time tOEH 15 20] 20 ns 
Write command set-up time (Test mode in) twIs 10 10 10 ns 
Write command hold time (Test mode in) twTH 10 10 10 ns 
W to RAS precharge time (C-B-R refresh) twrp 10 =i 10 10 ns | = 
W to RAS hoid time (C-B-R refresh) twRH 10 10 10 ns 
Output data hold time tDOH 5 5 aa ns 7,15 
OE to CAS hold time tocH 5 5 5 ns 
CAS hold time to OE tcHo 5 ia 5 5 ns 
OE precharge time |_toer 5 3] 5 fo ns 
W pulse width (Hyper Page Cycle) twPE 5 5 5 ns 
Output buffer turn off delay from RAs tREZ 15 3 20 3 | 20) ns 7,14 
Output buffer turn off delay from W twez 20/ 3] 20] ns | 7,14 
W to data delay 20 20 ns 
RAS pulse width (LL-ver) trass 100 HS 16 
RAS precharge time (LL-ver) tRPS lato] | 130 150 ns 16 
CAS hold time (LL-ver) tcHs | -50 | -50 -50 ns 16 
TEST MODE CYCLE (Note.12) 
Pera a eee a ne ee 
arameter ymbo i otes 
Min | Max | Min | Max | Min | Max_| 
Random read or write cycle time tRC ats} tas] sf t55] fons |e 
Read-modify-write cycle time trwc | 160 ns 
Access time from RAS trac | 65 75 85| ns | 3,4,11 
Access time from CAS __|_teac — 20 25 25; ns | 3,4,5 
Access time from column address tAA 35 | | aol | as ns |. 3,14 
RAS pulse width | tRAS 10,000} 75} 10,000] 85] 10,000) ns 
CAS pulse width tcas 15 | 10,000; 20] 10,000) 25/ 10,000 | ns | 
RAS hold time tRSH 20 25 25 ns 
CAS hold time tCSH 55 a 65 ns - 
Column address to RAS lead time tRAL 40 45 ns 
CAS to W delay time | towo 55 55 ns 
RAS to W delay time trwD 105 115 ns 
Column address to W delay time tawD 70 75 ns 8 
Hyper Page cycle time tHPG 34 39 ns ~ 
Hyper Page read-modify-write cycle time tHpRWC| 76 91 101 “lon 
RAS pulse width (Hyper Page Cycle) ns 
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TEST MODE CYCLE (Continued) 


Parameter 


Access time from CAS precharge 














OE access time 
OE to data delay 


























OE command hold time 


TEST MODE DESCRIPTION 


The KM48V2104A/AL/ALL/ASL is the CMOS DRAM 
organized 2,097,152 words by 8 bit internally 
organized 1,048,576 words by 16 bits. In " Test Mode", 
data are written into 16 sectors in parallel and retrieved 
the same way. Column address bit AQ is not used. If 
upon reading, two bits on one I/O pin are equal (all "1" 
or "Q"s) the I/O pin indicates a "1". If they were not 
equal, the 1/O pin would indicate a "0". In Test Mode", 
the 2Mx8 DRAM can be tested. as if it were a 1Mx8 


NOTES 


1. An initial pause of 200s is required after power-up 
followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 

2. ViH(min) and Vit(max) are reference levels for 
measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 
assumed to be 5ns for all inputs, without tec and 
tHPRWC. . 

3. Measured with a load equivalent to 1TTL loads and 
100pF. 

4. Operation within the trcp(max). limit insures that 
trac(max) can be met. tRcp(max) is specified as a 
reference point only. If tcp is greater than the 
specified trcbd(max) limit, then access time is 
controlled exclusively by tcac. 

. Assumes that trcp > trcb (max). 

tar, twecr, tbHR are referenced to tRaD(max). 

. This parameter defines the time at which the 
output achieves the open circuit condition and is 
not referenced to Vou or VoL. 

. twcs, tRwD, tcwD and tawp are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs> 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 

. duration of the cycle. If tcwo>tcwo(min), tawo> 
tawo(min) and tawp >tawp(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


NO 


fee] 








DRAM. W and CAS before RAS Cycle (WCBR, Test 
Mode In Cycle) puts the device into "Test Mode", And 
"CAS before RAS Refresh Cycle" or "RAS Only Refresh 
Cycle" puts it back into "Normal Mode". In the Test 
Mode, "W and CAS before RAS Refresh Cycle" 
peforms the refresh operation with internal CBR refresh 
address counter. "Test Mode" function reduces test 
time (1/2 in cases of N test pattern). 


9. Either tacH or tRRH must be satisfied for a read 
cycle. 

10. These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

11. Operation within the trRap(max) limit insures that 
tRAc(max) can be met. tRap(max) is specified as a 
reference point only. If trap is greater than the 
specified trap(max) limit, then access time is 
controlled by taa. 

12. These specifications are applied in the test mode. 

13. In test mode read cycle, the value of trac, taa, tcAc 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

14. tREz(max), tcez(max), twez(max) and toez(max) 
define the time at which the output achieves the 
open circuit condition and are not referenced to 
output voltage level. 

15. 2048 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification. 

16. If RAS goes high before CAS high going, the open 
circuit condition of the output is achieved by CAS 
high going. If CAS goes high before RAS high 
going, the open circuit condition of the. output is 
achieved by RAS high going 

17. tasc 2 tcpmin, Assumn tt=2.0ns 
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KM48V2104A/AL/ALL/ASL CMOS DRAM 
TIMING DIAGRAM | 
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PACKAGE DIMENSION 7 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


i 0.720(18.29) 
r 0.730(18.54) : 


| 
T 
i L 0.026(0.66) 
0.032(0.81) 0.140(3.56) 
0.148(3.76) 


0.027(0.69) 
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28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 


0.740 (18.80) ; 0.03 (0.80) 
A 












= 
N 
oO 
2 
= 
N 
° 
= 
3 


0.423 (10.76) 


= 
= 
oO 
=) 
= 
re) 
o 
62 
3° 


~ 0.459 (11.66) 








0.005 (0.13) 
0.722 (18.36). 0.037 (0.95) 0.008 (0.20) 
{ 0.041 (1.05) 
aaa ee ee ee ee a eee 
[Oo] osmeax | SSO | 
0.037 (0.95) , 0.048 (1.22) 0.016 (0.40) 
0.052 (1.32) | | 0.020 (0.50) 
| 0.016 (0.40) ; | 
0.024 (0.60) 


0.726 (18.46) 
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CMOS DRAM 





1M x 16 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


« Performance range: 


KM416C1000A-6/A-L6/A-F6 | 60ns | 15ns | 110ns | 
KM416C1000A-7/A-L7/A-F7 
KM416C1000A-8/A-L8/A-F8 | 80ns | 20ns | 


¢ Fast Page Mode operation 
+ 2 CAS Byte/Word Read/Write operation 
- CAS-before-RAS refresh capability 
¢ RAS-only and Hidden Refresh capability 
* TTL compatible inputs and outputs 
« Early write or output enable controlled write 
* Triple +5V+10% power supply 
¢ Refresh Cycle 
- 4096 cycle/64ms (Normal) 
- 4096 cycle/128ms (L-version) 
- 4096 cycle/128ms (F-version) 
« JEDEC standard pinout 
¢ Available in plastic SOJ and TSOP Il packages 






FUNCTIONAL BLOCK DIAGRAM 






|Z 










LCAS Control 
UCAS Clocks 
WwW 





| 


Vcc 
Vss 
VBB Generator 















= 
= Fownsreuter 


Ao~A11 


Lower 
Buffer 


Memory Array 
1,048,576 x16 


Column Decoder 


GENERAL DESCRIPTION 


The Samsung KM416C1000A/A-L/A-F is a CMOS high 
speed 1,048,576 bit x-16 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, and high 
performance portable computers. 


The KM416C1000A/A-L/A-F features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 


The KM416C1000A/A-L/A-F is fabricated using 
Samsung's advanced CMOS process. 








DQi 
to 
DQs . 
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to 
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Upper 
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Buffer 
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KM416C1000A/A-L/A-F 


CMOS DRAM 





PIN CONFIGURATION (Top Views) 


* KM416C1000AJ 





* KM416C1000AT 














_ + KM416C1000AR 


Vec 10 Vss Vcc 4° 44 Vss 1 Voc 
pai 2 DQis6 DQi 2 DQi6 2 DQi 
DQ. 3 DQis DQ2 3 DQis 3 DQ2 
DQs qj 4 -DQu4 DQs 4 Da14 4 DQ3 
. DQ4 5 DQi3 5 DQs 
DQ4 5 D 
ods tok Vec 1] 6 Vss 6D Voc 
ea = DQs 7 DQi2 7 DQs 
DQs 7 DQi2 DQs 8 Dai 8 DOs 
DQ. Ff 8 DQn Dar 14] 9 DQi0 9 En Da 
DQ7 . DQi0 DQs 10 DQs 10 DQs 
DQs DQ N.C. 11 N.C. 11 N.C. 
N.C. N.C. 
N.C. LCAS 
w ms (NC a Me 
A A W UCAS W 
vw : RAS OE RAS 
Ato As An Ag Att 
Ao Ar Ato As A1o 
Ai As ‘ Ao A7 18 [-T) Ao 
A2 As Ai As 19/-0 Ai 
A3 A4 A2 AS 20 F-70 A2 
Voc Vss As Aa 21/-0 As 
Vcc Vss 22 [-D Vcc 
(SOJ) 
(TSOP(II)-Forword) (TSOP(II)-Reverse) 
Address Inputs 
ves | Gone 
Row Address Strobe 
Se Upper Column Address Strobe 
Lower Column Address Strobe 
Read/Write Input 
| OF Data Output Enable 
[wes | rowers 
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KM416C1000A/A-L/A-F CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS* 


ee ee 


Storage Temperature 






< 






< 





Power Dissipation 


Short Circuit Output Current 


* 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, TA=0 to 70°C) 


Parameter 
Supply Voltage 
Ground 
Input High Voltage 











Input Low Voltage 


DC AND OPERATING CHARACTERISTICS | 


(Recommended operating conditions unless otherwise noted) 


KM416C1000A-6/A-L6/A-F6 
KM416C1000A-7/A-L7/A-F7 
KM416C1000A-8/A-L8/A-F8 


KM416C1000A 
KM416C1000A-L Icc2 
| KM416C1000A-F 


KM416C1000A-6/A-L6/A-F6 
KM416C1000A-7/A-L7/A-F7 
KM416C1000A-8/A-L8/A-F8 


KM416C1000A-6/A-L6/A-F6 
KM416C1000A-7/A-L7/A-F7 
KM416C1000A-8/A-L8/A-F8 


KM416C1000A 
KM416C1000A-L 
KM416C1000A-F 


KM416C1000A-6/A-L6/A-F6 
KM416C1000A-7/A-L7/A-F7 
KM416C1000A-8/A-L8/A-F8 







Operating Current" 
(RAS, UCAS or LCAS, Address Cycling @trc=min.) 














Standby Current 
(RAS=UCAS=LCAS=W=Vik) 
























RAS-Only Refresh Current* 
(UCAS=LCAS=Vin, RAS, Address Cycling @trc=min.) 





Fast Page Mode Current" 
(RAS=ViL, UCAS or LCAS, Address Cycling @tec=min.) 












Standby Current 
RAS-UCAS=[CAS=W=Vcc-0.2V) 











_ 













CAS-Before-RAS Refresh Current* 
(RAS, UCAS or LCAS Cycling @trc=min.) 




























Battery Back-Up Current, Average Power Supply Current, 
Battery Back-Up Mode, Input High Voltage(ViH)=Vcc-0.2V, 
Input Low Voltage{Vit)=0.2V 

UCAS, LCAS=0.2V 

Din=Don't Care, tac=31.25ys (L-Version) 

tras=tras min~300ns 
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KM416C1000A/A-L/A-F CMOS DRAM 





DC AND OPERATING CHARACTERISTICS (Continued) . 


. (Recommended operating conditions unless otherwise noted) 


ee ceerteer arene IE 


Self Refresh Current 
RAS=UCAS=LCAS=VIL 
paysite | Iccs 
W=OE=Ao-A11=Vcc-0.2V or 0.2V Kmatect oo 
DQ1-DQ16=Vcc-0.2V or 0.2V or Open 
Input Leakage Current _ I) -10 10 
(Any input 0<Vin <Vcc+0.5V, all other pins not under test=0 V) 
Output Leakage Current io 7 
’ {| (Data out is disabled, OV<VouT< Vcc) ” if HA 
Output High Voltage Level (lox=-5mA) | vow | 24] - |v 


Output Low Voltage Level (loL=4.2mA) 

















“NOTE: Icc1, Icc3, Icca and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, address can be changed maximum 
once while RAS=VIL. In Icc4, Address can be changed maximum once while page mode cycle time trc. 


CAPACITANCE ta=25°c, Voc=5v. f=1MHz) 


Parameter 


Input Capacitance (Ao~11) 


Input Capacitance (RAS, CCAS, UCAS, W, OE) 
Output Capacitance (DQ1~DQ16) 





AC CHARACTERISTICS (0°c<tTa<70°C, Voc=5.0V+10%, See notes 1,2) 
(Test condition : ViWVIL=2. 4V/0.8V, VoH/VoL=2.4V/0.4V, Output Loading CL=100pF) 


a ee 
eae eae eae 
PA | 70 js 
alec amamene— Ia 
tr 
tas 
RSH 







> 
oO 












E 


30 


1 


eee 
eer 


5 
0 
0 


+ 


ao | = 
o;}n on 


nN NIM IN| 
oO 9 }/O JO ]}]O |w 


ct 


(ea 7 eae 
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RAS to CAS delay time 
RAS to column address delay time 
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KM416C1000A/A-L/A-F CMOS DRAM 





AC CHARACTERISTICS (continuea) 


-6 -7 
Parameter 
Min | Max | Min| Max 
5| 5 5 rs |_| 














































































CAS to RAS precharge time tCRP -* 

Row address set-up time tASR 0 0 nz ns 

Row address hold time tRAH 

Column address set-up time tasc 

Column address hold time tCAH lrs | | 

Column address hold time referenced to RAS tar 268 
‘| Column address to RAS lead time tRAL 

Read command set-up time tRCS 

Read command hold time referenced to CAS tRCH 

Read command hold time referenced to RAS tRRH 

Write command set-up time twcs 8 

‘Write command hold time “lise 

Write command hold time referenced to RAS twcr | 

Write command pulse width twP 

Write command to RAS lead time trwe | 15. | | 

Write command to CAS lead time 15 | [ ast] ol sos 

Data-in set-up time tos is eee ee De ees ee 

Data-in hold time 10 








Data-in hold time referenced to RAS 





Refresh period (Normal) 





rep) 
aa 
313 
a 


Refresh period (L-version) 





Refresh period (F-version) 
CAS to W delay time 
RAS to W delay time 


Column address to W delay time 








“t 
o 
a |2 | 





Ls 
FF 





CAS precharge to W delay time 

CAS set-up time (CAS-before-RAS refresh) 
CAS hold time (CAS-before-RAS refresh) 

RAS precharge to CAS hold time 

CAS precharge time (C-B-R counter test cycle) 





al 
an 




















Access time from CAS precharge 


Fast Page mode cycle time 50 


Fast Page mode read-modify-write cycle time 








pn) 


ne 
ieee 





> 
n 





RAS pulse width (Fast page mode) 
RAS hold time from CAS precharge 
CAS precharge time (Fast page mode) 
RAS hold time referenced to OE 
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KM416C1000A/A-L/A-F CMOS DRAM 


AC CHARACTERISTICS (Continued) 


JOE accosstime to | | ts] |e] | 


110 


RAS pulse width (F-ver) | trass | 100 | 
RAS precharge time (F-ver) | tres | 
GAS hiod time (F-ver) 





[pai | dont care | Loner Byte wie 
[Benitcae | oGN | Upper Byte we | 
pan [pan | Wora rte 
ea TT a 






I-Z 
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KM416C1000A/A-L/A-F CMOS DRAM 





netes 


An initial pause of 20Qus is required after power-up followed by any 8 RAS-only or CAS-before-RAS refresh 
cycles before proper device operation is achieved. 

2. Virn(min) and Vit(max) are reference levels for measuring timing of input signals. Transition times are measured 
between Vinimin) and Vitimax) and are assumed to be 5ns for ail inputs. 

3. Measured with a load equivalent to 2 TTL loads and 100pF. 

4. Operation within the trcpimax) limit insures that trac(max) can be met. tacpimax) is specified as a reference point 
only. If tacp is greater than the specified trcpimax) limit, then access time is controlled exclusively by tcac. 

5. Assumes that tacp2trcpimax). 

6. tar, twcr, toHr are referenced to trapimax)- 

7. torF(max) defines the time at which the output achieves the open circuit condition aca is not referenced 
to Vou or VoL. 

8. twcs, trwo, tcwo and tawp are non restrictive operating parameters. They are included in the data sheet as elec- 
trical characteristics only. If twcs2twcsimin) the cycle is an early write cycle and the data output will remain high 
impedance for the duration of the cycle. If tewo2tcwoimin), tawo2trRwomin), tawo2tawoimin) then the cycle is a 
read-write cycle and the data output will contain the data read from the selected address. If neither of the above 
conditions are satisfied, the condition of the data out is indeterminate. 

9. Either tacH or tarH must be satisfied for a read cycle. 

10. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in 
read-write cycles. : 

11. Operation within the trap(max) limit insures that trac(max) can be met. trap(max) is specified as a reference point 
only. If trap is greater than the specified trapimax) limit, then access time is controlled by taa. 

12. tasc, tcaH are referenced to the earlier CAS falling edge. 

13. tcp is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the next cycle. 

14. town is referenced to the later CAS falling edge at word read-modify-write cycle. 

15. tow is specified from W falling edge to the earlier CAS rising edge. 


UCAS 


F COL —~— XD 


ADD. VOM PE PRR KKRRN ean RRR ORNS 


=| 





16. tcsr is referenced to earlier CAS falling low before RAS transition low. 
17. tcur is referenced to the later CAS rising high after RAS transition low. 


RAS 


LCAS 


UCAS 
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KM416C1000A/A-L/A-F CMOS DRAM 





18. tps, toH is independetly specified for lower byte Dint1~g), upper byte Dinijg~16) 


ae 
005-00 SO HO 


LCAS 
UCAS 
tos 
XKKXKKXRKSY COO OOOO OOK OOK KKK KKK AKAM 
DADA, OSM PRR RRR RRR 


WwW 





19. 4096 cycle. of burst refresh must be executed within 16ms before and after'self refresh, in order to meet refresh 
speciffication (F-version) 
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WORD READ CYCLE 
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TIMING DIAGRAMS (continued) 
LOWER BYTE READ CYCLE 
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UPPER BYTE READ CYCLE 
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KM416C1000A/A-L/A-F —s—itw CMOS DRAM 


TIMING DIAGRAMS (Continued) 


WORD WRITE CYCLE (EARLY WRITE) 


RAS 
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tras 
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TIMING DIAGRAMS (continued) 


UPPER BYTE WRITE CYCLE (EARLY WRITE) 


RAS 


UCAS 


al 
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WORD WRITE CYCLE (OE CONTROLLED WRITE) 
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TIMING DIAGRAMS (Continued) 
LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) . 
; t 
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UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 


tre 
tras tap 


tar 
tore Ra eer Sea 
Piss eee LOO Si 
vom 1" = fy _/ 
a ey ia 
TT 


Vin — 
Vi 


trec 
— Vin—7YVYYY 
[CAS YY fan 
w — 222 tasr tran 


A ORME actrtss PROM Roba PROX RRR 


_ YYYYVY VY Y YYYY VY Wo twe : AAV AAA VV AVAVAVANAN, 
Wve KK AKERS 
. Bila tewL 
FE ORK sen ERR RRR KEK KY 


aed 
Dar Oe RR RRO REAR KKK 


toep tos tox 


DarD0e RIK vate BATA PRR KKARKKKD 


SAMSUNG — a 


ELECTRONICS 








KM416C1000A/A-L/A-F CMOS DRAM 





TIMING DIAGRAMS (Continued) 
WORD READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS (continueq) 
READ-MODIFY-UPPER-BYTE-WRITE CYCLE 
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TIMING DIAGRAMS (Continued) 
EAST PAGE MODE LOWER BYTE READ CYCLE 
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TIMING DIAGRAMS (continued) 
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TIMING DIAGRAMS 
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TIMING DIAGRAMS (continued) 
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TIMING DIAGRAMS (Continued) 


RAS ONLY REFRESH CYCLE 
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TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 
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KM416C1000A/A-L/A-F CMOS DRAM 


TIMING DIAGRAMS (continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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PACKAGE DIMENSION | | 
42-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


1.070 (27.18) 0.025(0.64) 
| | MIN 












1.080 (27.43) 
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C193 6lo o|o 9/9 
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0.140(3.56) 
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| | 0.026(0.66) 
0.030(0.76) 





Eleccao.] 
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0.040 (1.02) 
MAX 


- 44-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 


26(23) ath 0-6° 
{1 










0.455(11.56) 
0.471(11.96) 
0.400(10.16) 


0.016(0.40) 
0.024(0.60) 






0.004(0.10) | 
0.010(0.25) |! - 


0.047(1.20) 





ATecowe-n }S 


0.036(0.925) | | | ~ 0.010(0.34) | | 0.031(0.80) 
0.018(0.36) 
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KM416C1200A/A-L/A-F 


CMOS DRAM 





1M x 16 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


+ Performance range: 


P| trac | tcac | tre | 
KM416C1200A-6/A-L6/A-F6 | 60ns | 15ns | 110ns | 


KM416C1200A-7/A-L7/A-F7 
KM416C1200A-8/A-L8/A-F8 | adns | 20ns | 150ns | 





* Fast Page Mode operation 
- 2 CAS Byte/Word Read/Write operation 
.» CAS-before-RAS refresh capability 
¢ RAS-only and Hidden Refresh capability 
* TTL compatible inputs and outputs 
* Early write or output enable controlled write 
* Triple +5V+10% power supply 
» Refresh Cycle 
- 1024 cycles/16ms (Normal) 
- 1024 cycles/128ms (L-version) 
- 1024 cycles/128ms (F-version) 
« JEDEC standard pinout . : 
* Available in plastic SOJ and TSOP(II) packages 


FUNCTIONAL BLOCK DIAGRAM 






Control 
Clocks 



















re 
Refresh Counter 
[row pores Baer 
== 


Vcc 
Vss 
VBB Generator 


Column Decoder 


GENERAL DESCRIPTION 


The Samsung KM416C1200A/A-L/A-F is a CMOS high 
speed 1,048,576 bit x 16 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, and high 
performance portable computers: 


The KM416C1200A/A-L/A-F features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 


The KM416C1200A/A-L/A-F is fabricated using 
Samsung's advanced CMOS process. 
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KM416C1200A/A-L/A-F 





PIN CONFIGURATION (tp views) 


+ KM416C1200AJ ° KM416C1200AT 






3° 








vec 10 Vcc 1 44 Vss 
DQi G2 DQ 2 DQis 
DQ2 Th 3 DQe2 3 DQis 
DQs3 4 DQ3 4 carte 
DQ4 5 13 
DQ4q5 ee é Ves 
Vcc 6 DQs 7 DQi2 
DQs 4 7 DQs 8 DQi1 
DQs Y 8 DQ7 9 DQi0 
DQ7 . DQs 10 DQe 
DQs N.C. 11 N.C. 
N.C. 
N.C. 

w NC = 
Ww UCAS 
se RAS OE 
N.C. NC. Ao 
Ao N.C. As 
Ai Ao Az 
A2 Ai As 
A3 Ae AS 
Vcc As A 

Vcc Vss 





(SOJ) 


(T SOP(II)-Forword) 
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* KM416C1200AR 
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KM416C1200A/A-L/A-F CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS* 


Voltage on Any Pin Relative to Vss : 


Storage Temperature 


Power Dissipation 
Short Circuit Output Current 


* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 





RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 





KM416C1200A-6/A-L6/A-F6 
KM416C1200A-7/A-L7/A-F7 
KM416C1200A-8/A-L8/A-F8 


KM416C1200A 
KM416C1200A-L 
KM416C1200A-F 


KM416C1200A-6/A-L6/A-F6 
KM416C1200A-7/A-L7/A-F7 
KM416C1200A-8/A-L8/A-F8 


KM416C1200A-6/A-L6/A-F6 
KM416C1200A-7/A-L7/A-F7 
KM416C1200A-8/A-L8/A-F8 


KM416C1200A 
KM416C1200A-L 
KM416C1200A-F 


KM416C1200A-6/A-L6/A-F6 
KM416C1200A-7/A-L7/A-F7 
KM416C1200A-8/A-L8/A-F8 


Operating Current* 
(RAS, UCAS or LCAS, Address Cycling @trc=min.) 


Standby Current 
(RAS=UCAS=LCAS=W:=Vir) 


RAS-Only Refresh Current* 
(UCAS=CCAS=Vin, RAS, Address Cycling @trc=min.) 


Fast Page Mode Current* 
(RAS=ViL, UCAS or LCAS, Address Cycling @tec=min.) 


Standby Current 
(RAS=UCAS=LCAS=W=Vcc-0.2V) 


CAS-Before-RAS Refresh Current* 
(RAS, UCAS or [CAS Cycling @trc=min.) 


Battery Back-Up Current, Average Power Supply Current, 

Battery Back-Up Mode, input High Voltage(Viq}=Vcc-0.2V, 

Input Low Voltage(Vit}=0.2V KM416C1200A-L 
UCAS, LCAS=0.2V 

Din=Don't Care, tac=125ys (L-Version) 

tras=tras min~300ns 
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DC AND OPERATING CHARACTERISTICS 6ontinuea) 


















(Recommended opereting conditions unless otherwise noted) 
RAS=UCAS=[CAS=0.2V 
Input Leakage Current Inv) i 40 | 10 
(Any input O< Vin <Vcc+0.5V, all other pins not under test=0 V) 


CS Caramator SS *di Sambo | in | Max | Uni 
W=OE=Ao-A9=Vcc-0.2V or 0.2V 
Output Leakage Current 


Self Refresh Current ; 
KM416C1200A-F Iccs - | 250 | uA 
DQ1-DQ16=Vcc-0.2V, 0.2V or Open ; 
(Data out is disabled, OV<VouT< Vcc) 
Tver [ea [| 
vo | = [oa | 


















Output High Voltage Level (loH=-5mA) 
A) 








Output Low Voltage Level (lo.=4.2m 





*NOTE: Icc1, Icc3, !cc4 and Icceé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, address can be changed maximum 
once while RAS=ViL. In Icc4, Address ‘can be changed maximum once while page mode cycle time tPc. 


CAPACITANCE (ta=25°c, Vcc=5v. f=1MHz) 


Parameter Symbol i Unit 


Input Capacitance (Ao~Ag) CIN1 


Peep 





Output Capacitance (DQ1~DQ16) 


AC CHARACTERISTICS (0°c<1a<70°C, Vec=5.0V+10%, See notes 1,2) 
(Test condition : ViH/ViIL=2.4V/0.8V, VOH/VoL=2.4V/0.4V, Output Loading CL=100pF) 


a 
Random read or write cycle time | tec | 110] [130] | iso] | ns 
Read-modify-write cycle time [two | 155| | tes] | 205] ns 


Access time from RAS 

















) [rc | | 60 
Access time from CAS ltcac | =| ts] | 20] || ns | 3,4,5 
Access time from column address lta | | oa0f =| | | ao] | att | 
GAS to output in Low-Z taz | of | of | of os | 
Output buffer turn-off delay a. tOFF | of 1] of 15] o| 15] ns | 7 | 
Transition time (rise and fall) 50 s0| 3| 50| ns | 2 
RAS precharge time [we | aol | sof | oof ns | 
RAS pulse wiath | tras | 60| 10,000] 70 10,000| 80 10,000| ns |_| 
RAS hold time [tes | 15] | 2of | zo] ns 
CAS hold time | es jew | oof | op} of fe 
toas 10,000 | 10,000 | ns 
RAS to CAS delay time 4s| 20) 





a | o> 
ms] 
S18 
HE 
wa | DO 
on |o 
a 
on 


RAS to column address delay time 
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AC CHARACTERISTICS (continued) 








































































































































































































Parameter Symbol Units) nates 
CAS to RAS precharge time tcrP 5 5 | 5 aa 
Row address set-up time tASR 0 0 0 ns 
Row address hold time al tRAH 10 10 | 10 “la — 
Column address set-up time tasc 0 ns 
Column address hoid time . | tCAH 15 7 ns | 
Column address hold time referenced to RAS tar 60 sea ns 6 
Column address to RAS lead time tRAL [aol ns 
Read command set-up time ‘| tRCS py ns _| 
Read command hold time referenced to CAS tRCH 0 | apis | 9 | 
Read command hold time referenced to RAS | te | of ns ele 
Write command set-up time twcs 0 — [ns | 8 | 
Write command hold time twCH 15 ns 
Write command hold time referenced to RAS twcr 55 | oe 6_| 
Write command puise width =I twp 1 | ns 
Write command to RAS lead time tRWL 20 ns 
Write command to CAS lead time 4} tet 
Data-in set-up time tos rgd | 70) 10 
Data-in hold time {DH 15 ns 10 
Data-in hold time referenced to RAS tDHR 60 ns 6 
Refresh period (Normal) alts tREF 16 pas | 167 ms | 
Refresh period (L-version) tREF 128 ms | — 
Refresh period (F-version) oe cal tREF vze{ | 128; ms 
CAS to W delay time __|_ tewo 50 ns 8 
RAS to W delay time tRWD i 05 ns 8 
Column address to W delay time ae | tAWD 65 | ns 8 
CAS precharge to W delay time tcPwD 70 ns | 
CAS set-up time (CAS-before-RAS refresh) | tcsR le 10 | [ons = 
CAS hold time (CAS-before-RAS refresh) __|_tcHR a a ns __| 
RAS precharge to CAS hold time tRPC +—2 ns 
CAS precharge time (C-B-R counter test cycle) | _tcPT st ns 
Access time from CAS precharge tcPA 45| ns 3 
Fast Page mode cycle time re 50 | ns _| 
Fast Page mode read-modify-write cycle time tPRWC 100 ns 
RAS pulse width (Fast page mode) | tease: [80 200K sie _| 
RAS hold time from CAS precharge tRHCP 45 ns 
CAS precharge time (Fast page mode) tcp [10 | ns 
RAS hold.time referenced to OE tROH 20 ns 
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AC CHARACTERISTICS (Continued) 


ee 
| toa 


| |OEtodatadelay | toe 
Output buffer tur of delay timefromOE | toe 
JOE commandholdtime | to | 
|RAS precharge time F-ve) | ts 


KM416C1200A/A-L/A-F Truth Table . 
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ou 


An initial pause of 200us is required after power-up followed by any 8 RAS-only or CAS-before-RAS refresh 
cycles before proper device operation is achieved. 
2. Vir(min) and Vitimax) are reference levels for measuring timing of input signals. Transition times are measured 
between Vitimin) and Vit(max) and are assumed to be 5ns for all inputs. 
3. Measured with a load equivalent to 2 TTL loads and 100pF. 
4. Operation within the tacpimax) limit insures that tracimax) can be met. trcpimax) is specified as.a reference point 
only. If tacp is greater than the specified tacpi(max) limit, then access time is controlled exclusively by tcac. 
Assumes that taco2tracpimax). 
tar, twor, toHR are referenced to tRapimax). 
torFimax) defines the time at which the output achieves the open circuit condition and is not referenced 
to Von or VoL. 

8. twcs, trwo, tcwp and tawp are non restrictive operating aprameters. They are included in the data sheet as elec- 
trical characteristics only. If twcs2twcsmin) the cycle is an early write cycle and the data output will remain high 
impedance for the duration of the cycle: If towp2>tcwoimin), tawo2trwoimin), tawo2tawon(min) then the cycle is a 
read-write cycle and the data output will contain the data read from the selected address. If neither of the above 
conditions are satisfied, the condition of the data out is indeterminate. 

9. Either tacH or trRH must be satisfied for a read cycle. 

10. These parameters are referenced to the CAS leading edge in early write cycles and to the W reading edge in 
read-write cycles. 

11. Operation within the trapimax) limit insures that trac(max) can be met. trapimax) is specified as a dierenee point 
only. If trap is greater than the specified 1 tRAD(max) limit, then access time is controlled by taa. 

12. tasc, tcan are referenced to the earlier CAS falling edge. 

13. tcp is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the next cycle. 

14. tcwo is referenced to the later CAS falling edge at word read-modify-write cycle. 

15. tcwi is specified from W falling edge to the earlier CAS rising edge. 


et 


LCAS 


XX 


ADD. PR RRO 





= 








tow. | 


16. tcsr is referenced to earlier CAS falling low before RAS transition low. 
17. tcur is referenced to the later CAS rising high after RAS transition low. 
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18. tps, toy is independetly specified for lower byte Dini1~s), upper byte Dinjg~16) 


00-000 OR RS 
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TIMING DIAGRAMS (continued) 
LOWER BYTE READ CYCLE 
eres 
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ELECTRONICS 








KM416C1200A/A-L/A-F | CMOS DRAM 


TIMING DIAGRAMS (continued) 
WORD WRITE CYCLE (EARLY WRITE) 
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Vu- PYVVYVV YY YYYY Y YY YYVY YY Y Y VYYYYY Y 
FE I CSS 
: ton 


| Vin — RKVVY Wi, VY V7 iv 
Dare ROR vate BATAAN PRO RIKI KY 
, tour 
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TIMING DIAGRAMS (Continued) 
UPPER BYTE WRITE CYCLE (EARLY WRITE) 
Joes, 





tre 





tras 
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se torp 
oe ie Ss ee = 
a“ —_— 
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00,00 ‘ a RK vatio onrasny DRO SKK 
Oe DON’T CARE 
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TIMING DIAGRAMS (Continued) 
LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) ~ 


tac 
tras tae 








Vin — t 
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—— 











Vin — 
~ Vi 


2) 
> 
a 





trec 


(GAS Vin — 7YYWYSY 
OO 
Vin —7\WxRY ROW Y COLUMN Y YY YY YY XY 
AMM actress ROM Ropes DRO 


aN LNeeenannartaneaternn totes 

& SRF 
= RRR TT 
001005 TO 
a 0 CRIED GUNUNnanatortettune 


KY DON’T CARE 


ELECTRONICS 





KM416C1200A/A-L/A-F | CMOS DRAM 





TIMING DIAGRAMS (Continued) 
WORD READ-MODIFY-WRITE CYCLE 


trwe 


tras trp 
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RAS : tar , 
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ail ron 
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LLG 


S| 





a 
= 

== Vin — KVVY IYVYVVYYVYYVV ey 
FE RR ton 
eel tos | |_ tow 


toez 





trac 
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TIMING DIAGRAMS (continued) 
’ READ-MODIFY-UPPER-BYTE-WRITE CYCLE 
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TIMING DIAGRAMS (continued) 
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TIMING DIAGRAMS (Ccontinuea) 
FAST PAGE MODE WORD WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAMS (Continued) 

FAST PAGE MODE READ-MODIFY-LOWER- BYTE-WRITE CYCLE 
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TIMING DIAGRAMS (continued) 


RAS ONLY REFRESH CYCLE 
NOTE: W, OE=Don’t Care 
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TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) | 
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TIMING DIAGRAMS continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE ~ 





Vin — tras 


1H 

Vii i 

Vin — tesr L 
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PACKAGE DIMENSION 
42-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


1.070 (27.18) 0.025 (0.64) 
MIN 


_ 1.080 (27.43) 


a 








=|=— ola “la. 
a|a —~-— RIM 
ojn 9|% SiS alo 
oR al han a bX 11a 
el= ola s|o SIF 
Dio wlw ain Bie 
Bio ole Ojr m|o 
OQ1t +/+ P8/2 le 
219 ojo o|o eo 


ca 


0.130(3.30) 
0.140(3.56) 










B[accao.] 





0.040 (1.02) 






0.016(0.41) | | | 0.050 (1.27) 
0.020(0.51) TYP 


44-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 


26(23) aa 0-8° 
tnt 






0.400(10.16) 


ole 
8/8 
wri 
=l|xo 
Wile 
wo) 

ae 
Silo 


0.016(0.40) 
0.024(0.60) 






0.004(0.10) | 
0.010(0.25) 


* 0.841(21.35) MAX 





MAX 


0.821 (20.85) 
0.829(21.05) 


0.047(1.20) 






[J 0.004(0.1) | ehajajajajejaja)n]aja]mmmeen |sjajajajalajajajajaje, 


0.036(0.925) | 0.010(0.34) | | 0.031(0.80) 
0.018(0.36) TYP 
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KM416C1004A/A-L/A-F 


CMOS DRAM 





1M x 16 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES 


« Performance range: 


KM416C1004A-6/A-L6/A-F6 110ns | 24ns 
KM416C1004A-7/A-L7/A-F7 130ns | 29ns 
KM416C1004A-8/A-L8/A-F8 
+ Extended Data Out Mode 
(Fast Page Mode with Extended Data Out) 
+ 2 CAS Byte/Word Read/Write operation 
- CAS-before-RAS refresh capability 
« RAS-only and Hidden Refresh capability 
¢ TTL compatible inputs and outputs 
« Early write or output enable controlled write 
¢ Triple +5V+10% power supply 
° Refresh Cycle 
-4096 cycle/64ms (Normal) 
-4096 cycle/128ms (L-version) 
-4096 cycle/128ms (F-version) 


« JEDEC standard pinout 
Available in plastic SOJ and TSOP(II) packages 


















FUNCTIONAL BLOCK DIAGRAM 
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VBB Generator 


GENERAL DESCRIPTION 


The Samsung KM416C1004A/A-L/A-F is a CMOS high 
speed 1,048,576 bit x 16 Dynamic Random Access 
Memory. Its design is optimized for high. performance 
applications such as personal computer, and high 
performance portable computers. 


The KM416C1004A/A-L/A-F features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 


The KM416C1004A/A-L/A-F is fabricated using 
Samsung's advanced CMOS process. 
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DQ1 
to 
DQs 









Refresh Control 
Refresh Counter 


Row Address Buffer’ 


Col. Address Buffer 











Ao~A11 + + 





Ao~A7 


.Lower 
Buffer 







Column Decoder 














Memory Array 
1,048,576 x16 
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to 
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‘Upper 
Data out 
* Buffer 





Sense Amps & lO 
Leese) 











«at? 


ELECTRONICS 


1041 





KM416C1004A/A-L/A-F CMOS DRAM 





PIN CONFIGURATION (Top Views) 


* KM416C1004AJ . -* KM416C1004AT . * KM416C1004AR 





vec 10 Vss Vec 1° 44 Vss 1 
DQi 2 DQi6 DQi 2 DQi6 2 
DQ 3 DQis DQe 3 DQ1s 3 
DQ3 04 Da14 DQ3 4 DQu4 4 
Dad 5 Dax3 OQ. 4 5 eas 5 
Vec J 6 Vss Ve : ade 
DQs 7 DQu2 7 
DQs 4 7 OGr2 DQs I] 8 Dar 8 
DQ. 8 Dan DQ7 9 DQi0 9 
DQ DQi0 DQs 10 DQs 10 
DQe DQs N.C. 11 N.C. 1 
N.C. N.C. 
N.C. LCAS 
i - Ww UCAS 
Ato As nS : 
Ait Ag 
Ao A7 Ato As 
AI As Ao A7 
Ae As Ai As 
As | A4 A2 As 
Vec Vss As Aa 
Vec Vss 





(SOU) 


(TSOP(II)-Forword) (TSOP(II)-Reverse) 

















Address Inputs 


ras 
CCAS 





: 


| OF Data Output Enable 
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KM416C1004A/A-L/A-F CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS* 


Parameter | Symbol «|Rating «| SCUits 
Voltage on Any Pin Relative to Vss Vin, VOUT -1 to+7.0 





















Voltage on Vcc Supply Relative to Vss 





Storage Temperature 











-55 t0 + 150 











Power Dissipation 





1 








Short Circuit Output Current 


* 








Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


Supply Voltage _ 








Ground 


Input High Voltage 





Input Low Voltage 














DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 


Parameter 


Operating Current* 
(RAS, UCAS or CCAS, Address Cycling @trc=min.) 


KM416C1004A-6/A-L6/A-F6 
KM416C1004A-7/A-L7/A-F7 
KM416C1004A-8/A-L8/A-F8 





Standby Current 
(RAS=UCAS=LCAS=W= 





ViH) 





KM416C1 004A 
KM416C1004A-L 
KM416C1004A-F 











RAS-Only Refresh Current" 
(UCAS=LCAS=Vin, RAS, Address Cycling @trc=min.) 





EDO Mode Current* 
(RAS=ViL, UCAS or LCAS, Address Cycling @tec=min.) 














KM416C1004A-6/A-L6/A-F6 
KM416C1004A-7/A-L7/A-F7 
KM416C1004A-8/A-L8/A-F8 


KM416C1004A-6/A-L6/A-F6 
KM416C1004A-7/A-L7/A-F7 
KM416C1004A-8/A-L8/A-F8 











Standby Current 
(RAS=UCAS=LCAS=W=Vcc-0.2V) 








KM416C1004A 
KM416C1004A-L 
KM416C1004A-F 





CAS-Before-RAS Refresh Current* 
RAS, UCAS or LCAS Cycling @trc=min.) 





= 





KM416C1004A-6/A-L6/A-F6 
KM416C1004A-7/A-L7/A-F7 Iccé 
KM416C1004A-8/A-L8/A-F8 














Battery Back-Up Current, Average Power Supply Current, 
Battery Back-Up Mode, Input High Voltage(Vin)=Vcc-0.2V, 
Input Low Voltage(Vit)=0.2V 

UCAS, LCAS=0.2V 

Din=Don't Care, tac=31.25ys (L-Ver) 

tRAS=tRAS min~300ns 


peamsung 
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KM416C1004A-L 


Icc7 
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KM416C1004A/A-L/A-F ---s CMOS.DRAM 


















DC AND OPERATING CHARACTERISTICS Continued) 
(Recommended operating conditions unless otherwise noted) 
a." ae Cac 
Self Refresh Current 
RAS-UCAS=LCAS=0.2V 
— a - Iccs 
W=OE=Ao0-A11=Vcc-0.2V or 0.2V ASCO 200 
DQ1-DQ16=Vcc-0.2V or 0.2V or Open 
Input Leakage Current hu) -10 10 
(Any input 0<Vin <Vcc+0.5V, all other pins not under test=0 V) , 
Output Leakage Current . -1o | 10 
(Data out is disabled, OV<VouT<Vcc) 
Output High Voltage Level (loH=-5mA) qi 
Output Low Voltage Level (lo=4.2mA) ff Oi 
“NOTE: Icc1, Icc3, Icc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, address can be changed maximum 


once while RAS=VIL. In Icc4, Address can be changed maximum once while one Hyper page mode cycle time 
tHPC. 


CAPACITANCE (1a=25°c, Vcc=5V. f=1MHz) 


Parameter 


Input Capacitance (Ao~A11) 





Output Capacitance (DQ1~DQ16) 


AC CHARACTERISTICS (O°C<TA<70°C, Vcc=5V + 10%, See notes 1,2) 
(Test condition : Vin/ViL=2.4V/0.8V, VoH/VoL=2.0V/0.8V, Output Loading CL=100pF) 


1 
~I 
c 
Ss 
=~ 
n 


Parameter Notes 


Random read or write cycle time 





Pp?) 
= 
= 
Oo 
par eee (em 
Co }o 
a}o 


Read-modify-write cycle time 





Access time from RAS 


Max _| 
ns 
Pees 
cece ern 


Les 

| | a0] ns | 34s 

it] 40] ns 3,11 

7 
3 


Access time from CAS 





Access time from column address 
CAS to output in Low-Z 

OE to output in Low-Z 

Output buffer turn-off delay from CAS 


Transition time (rise and fall) _ 


s/s |g |3 [a 
815 | 1° 
— 
a 
ao 


= 
= 
- 

3 ns 3 
38 ns 
5 20) ns 7,14 
50} 2] 50] ns | 2 
| 40] 

[60 | 
_ 10 
| 20] 


S 
KN 





sixzi|tiais 
ele Fie 





RAS precharge time __| ns 
RAS pulse width 10,000 10,000 | 80} 10,000) ns~ 
RAS hold time tRSH 





ns 
GRS hold time =r ns 


CAS pulse width 7 tcas | 10] 10,000] 15] 10,000 10,000 | _ns 


RAS to CAS delay time 20} ° 45! 20 | 50/20] 60 | ns 4 
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KM416C1004A/A-L/A-F CMOS DRAM 








AC CHARACTERISTICS (Continued) 























































































































Parameter Symbol = a i = Units | Notes 
Min | Max | Min; Max | Min| Max 

RAS to column address delay time tRAD 

CAS to RAS precharge time tCRP 

Row address set-up time tASR 

Row address hold time tRAH 

Column address set-up time tasc 

Column address hold time tCAH 

Column address hold time referenced to RAS aE 

Column address to RAS lead time tRAL 

Read command set-up time tRCS 

Read command hold time referenced to CAS tRCH 

Read command hold time referenced to RAS _|_tRRH 

Write command set-up time "| twcs 

Write command hold time | tWCH 

Write command hold time referenced to RAS twcR 

Write command pulse width twp 
Write command to RAS lead time tRWL | 45 
Write command to CAS lead time 
Data-in set-up time tbs | of 
Data-in hold time . tOH 





























Data-in hold time referenced to RAS | {tDHR 
t 


















































































































































Refresh period (Normal) REF 
Refresh period (L-version) tREF 
Refresh period (F-version) tREF 
CAS to W delay time tcwD 
RAS to W delay time ” tRWD 
Column address to W delay time tAWD 
CAS precharge to W delay time tCPwD 
CAS set-up time (CAS-before-RAS refresh) tcsrR 
CAS hold time (CAS-before-RAS refresh) tCHR 
RAS precharge to CAS hold time . : tRPC 
CAS precharge time (C-B-R counter test cycle) tCPT 
RAS hold time referenced to OE tROH 
OE access time tOEA 
OE to data delay a tOED 
Output buffer turn off delay time from OE tOEZ 
OE commend hold time __| _toev 














Access time from CAS precharge {CPA 
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KM416C1004A/A-L/A-F 


CMOS DRAM 





AC CHARACTERISTICS (continueg) 













































































KM416C1004A/A-L/A-F Truth Table 


: 
2 


x |x 18 
x |x< o| 
” 








ee ae ee 
Parameter Units | Notes 
| Max | Min | Max_| 

Hyper Page mode cycle time tHPC | asf | af —s|]sosal ns 12 
Hyper Page mode read-modify-write cycle time tHpRWwC| 76 81 91 ons | 12 
CAS oregarge time (Hyper page mode) tcp 10 10 | 10 ns 16 
RAS pulse width (Hyper page mode) tRASP 60 | 200.000 | 70 | 200.000 80 | 200.000 | ns 
RAS hold time from CAS precharge tRHcP | 35 40 45 ns 
Output data hold time _|_toou 5 5 ns 
Output buffer turn off delay from RAS tREZ 15 3 20 3 20 7,14 
Output buffer turn off delay from W tWez 3 20 7 
W to data delay tWED 15 20 | ons | 
OE to CAS hold time tocH 5 | | sf ons | 
CAS hold time to OE tCHO 5 | os] | sons | 
OE precharge time toEP 5 ns 
W pulse width tWPE 5 5 ns. 
RAS pulse width (F-ver). trass | 100 100 HS 13 
RAS precharge time (F-ver) tRPS 410] | 130) =] 50] sons | 13 
CAS hlod time (F-ver) tos | sof | so} ~—s| so] sdf ons | 

















DQi~DQs DQo~DQi16 STATE 


Standby 
Refresh 
















HI-Z 





















DQ-OUT Lower Byte Read 


































HI-Z 


Upper Byte Read 

































Word Read 
Lower Byte Write 
Upper Byte Write 
Word Write 


DQ-OUT 
DQ-IN 


Don't Care 


DQ-OUT 


Don't Care 
































[ee Oe ee Oe ee 
rle|rel|xc{e}el|zj/xl|~x 
x/r-|ri|e}x|xzjzlx|x]s 
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KM416C1004A/A-L/A-F 


NOTES | 


1. An initial pause of 200#s is required after power-up 


followed by any 8 ROR or CBR cycles before proper 


device operation is achieved. 

2. ViH(min) and Vit(max) are reference levels for 
measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 
assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 2TTL Loads 
and 100pF 

4. Operation within the tRcp(max) limit insures that 
trac(max) can be met. trcp(max) is specified as a 
reference point only. If trcbD is greater than the 
specified tRcp(max) limit, then access time is 
controlled exclusively by tcac. 

5. Assumes that trop > tRcb (max). 

6. taR, twcr, tDHR are referenced to tRAD(max). 

7. This parameter defines the time at which the 
output achieves the open circuit condition and is 
not referenced to VoH or VoL. 

8. twcs, tRwbD, tcwD and tawD are non restrictive 
operating parameters. They are included in the 
data sheet as electrical characteristics only. If twcs 
>twcs(min) the cycle is an early write cycle and 
the data output will remain high impedance for the 
duration of the cycle. If tcowo>tcwop(min), trwD > 
trwp(min) and tawD >tawp(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 

9. Either tRcH or tRRH must be satisfied for a read 
cycle. 


SIMS UN 


ELECTRONICS 


11. 


12. 
13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


PRELIMINARY 
CMOS DRAM 





. These parameters are referenced to the CAS 


leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the tRaD(max) limit insures that 
tRAc(max) can be met. trRAD(max) is specified as a 
reference point only. If trap is greater than the 
specified tRaAD(max) limit, then access time is 
controlled by taa. 

tasc >tcp min, Assume tT=2.0ns. 

4096 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification (F-version) 

If RAS goes to high before CAS high going, the 
open circuit condition of the output is achieved by 
CAS high going. If CAS goes to high before RAS 
high going, the open circuit condition of the output 
is achieved by RAS high going. 

tasc, tCAH are referenced to the earlier CAS falling 
edge. 

tcp is specified from the last CAS rising edge in the 
previous cycle to the first CAS falling edge in the 
next cycle. 
tcwo is referenced to the later CAS falling edge at 
word read-modify-write cycle. 

tcwL is specified from W falling edge to the earlier 
CAS rising edge. 

tcsr is referenced to earlier CAS falling low before 
RAS transition low. . 
tCHR is referenced to the later CAS rising high after 
RAS transition low. 

tos, tbH is independetly specified for lower byte Din 
(1~8), upper byte Din(9~16) . 
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KM416C1004A/A-L/A-F CMOS DRAM 


TIMING DIAGRAM 
WORD READ CYCLE 
NOTE : Din = OPEN 








vos Yl] Amar, . 
os Yl | it C7 

wt DES 
: ss 





pai ~pas V" - OPEN 
Vor - 








Dag ~ DAI6 — : OPEN 
OL - 
Don't Care 
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KM416C1004A/A-L/A-F 


CMOS DRAM 


TIMING DIAGRAM 
LOWER BYTE READ CYCLE 
NOTE : Din = OPEN 


DQ1 ~ DQ8 


pag ~ pate Vou - 
VoL - 
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- A | 
He Dy ie 
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tascler| | 
MMMM 
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eX_eexour_} 


OPEN 
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trac 
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Don't Care 
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KM416C1004A/A-L/A-F 


TIMING DIAGRAM 


NOTE : Din = OPEN 


UPPER BYTE READ CYCLE 


pai~pas “™ 
Voi 


pag ~ paige Vo - 
Vo. - 


= A 
" W A 


"| Wu 
; YL 





Yk f ow 
ADDRESS 


26 em 
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=a 





OPEN 
+— tcac tcez 
trac 
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CMOS DRAM _—=CtCT 


KM416C1004A/A-L/A-F | CMOS DRAM 


WORD WRITE CYCLE (EARLY WRITE ) 
NOTE : Dout = OPEN 






cos: = : aan 
ras Wf 





ee ooh ZX 


°: WU i —— 
-«\° - WMI 
co oon la ll =“ NCL 


Dag ~ DAI6 : ns ee 
| 3 Don't Care 
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KM416C1004A/A-L/A-F 


CMOS DRAM 


LOWER BYTE WRITE CYCLE ( EARLY WRITE ) 
NOTE : Dout = OPEN 


DQ1 ~ DQ8 


pag ~ pais 


or 
‘ WR 


: yh ae AODHE 





at VG 


ess oe _ Md 


ee = ddd WIJIJ_ 
a 
VID 


MMMM 
one WU 


 semabianeaeeieniaiies 


yy Don't Care 
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KM416C1004A/A-L/A-F 


CMOS DRAM 


UPPER BYTE WRITE CYCLE (EARLY WRITE ) 
NOTE : Dour = OPEN 


OE 
pai ~ pas V' 


pag ~ paie 
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': Lill need Md 
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KM416C1004A/A-L/A-F | CMOS DRAM 


WORD WRITE CYCLE (OE CONTROLLED WRITE ) 
NOTE : Dour = OPEN 


bai ~ pas VK - 
Vir - 


pag ~ pais Vit - 
Viv - 
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Gf 
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" YY M|WWWJJ//J! VIII 






OK Bes oe 
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KM416C1004A/A-L/A-F CMOS DRAM 


LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE ) 
NOTE : Dout = OPEN 


a Vie 





as: Yt \ ~~ 
tase ae : sate hed 
cD OS em 
0 WUT.” OLLI. 


Ws art MYyw—w— (0 
vos-0018™ - WH VV/TIIIIIIIIIIZ2!}@'0 
Don't Care 
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KM416C1004A/A-L/A-F GMOS DRAM 


UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE ) 
NOTE : Dour = OPEN . 


— tras - +— trp 
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KM416C1204A/A-L/A-F CMOS DRAM 


WORD READ-MODIFY-WRITE CYCLE ~ 


= ae | 

Vin - 
UCAS V 

i - 
t == 

Vin - tcas 
ECAS af 

teas. [L499 


aw OK Br} ca 


=== 
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KM416C1204A/A-L/A-F 





CMOS DRAM 
LOWER-BYTE READ - MODIFY - WRITE CYCLE 
trwe 
tras t 
Vin 
RAS Vir 
: trec—>| . 
y 47— 
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UCAS yy, Yi 
‘CRP irs 
Vin = oF tcas 
LCAS Vi - Gi 


pai ~ pas We 
Vio 
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VoL 
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KM416C1204A/A-L/A-F CMOS DRAM 


-UPPER-BYTE READ - MODIFY - WRITE CYCLE 





ee, ees lddddddda 


Wye ae — 
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Dag ~ Da16 Vou - 
Vivo 


Don't Care 
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KM416C1004A/A-L/A-F 


HYPER PAGE MODE WORD READ CYCLE 
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KM416C1004A/A-L/A-F | CMOS DRAM 





HYPER PAGE MODE LOWER BYTE READ CYCLE 
AP 
oe tRasp — 
RAS Vi - 
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4 ‘a 
1H 
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KM416C1004A/A-L/A-F : _ CMOS DRAM 


_ HYPER PAGE MODE UPPER BYTE READ CYCLE 
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KM416C1004A/A-L/A-F CMOS DRAM 


HYPER PAGE MODE WORD WRITE CYCLE( EARLY WRITE ) 
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HYPER PAGE MODE LOWER BYTE WRITE CYCLE (EARLY WRITE ) 
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HYPER PAGE MODE UPPER BYTE WRITE CYCLE ( EARLY WRITE ) 
NOTE : Dour = Open 
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HYPER PAGE MODE WORD READ-MODIFY-WRITE CYCLE 
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HYPER PAGE MODE LOWER-BYTE-READ-MODIFY-WRITE CYCLE 
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HYPER PAGE MODE UPPER-BYTE-READ-MODIFY-WRITE CYCLE 
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HYPER PAGE READ AND WRITE MIXED CYCLE 
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RAS-ONLY REFRESH CYCLE 
NOTE :W, OE, Din = Don't care 
Dour = Open 
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CAS-BEFORE-RAS SELF REFRESH CYCLE(LL-version) 
NOTE: W, OE,A=DontCare | 
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_CMOS DRAM 


HIDDEN REFRESH CYCLE ( READ ) 
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HIDDEN REFRESH CYCLE ( WRITE ) 
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PACKAGE DIMENSION 
42-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


1.070 (27.18) 0.025 (0.64) 
| 1.080 (27.43) MIN 
Parr Fr = 








1 








—l|= lS | a 
a|a —— KIM 
o|n 01% CIS nlw 
olo -|- alM glo 
Se S| O\o sI5 
oO)oO w/o © lw ole 
210 ols ol- Sis 
O1< +)/s o|° ape 
S19 olo O1o o;o 





= 





0.130(3.30) 
0.140(3.56) 


LICLICILCLICICLICILICICICICICICI CICS LI 
| | 0.026(0.66) 
0.030(0.76) 














LVIPIPIPIDIPIFIPIDININICIN 


LPLPLPLPLPLPAPLY 
0.016(0.41) | | | 0.050 (1.27) 0.040 (1.02) 
0.020(0.51) TYP MAX 





A ]aceao.) 


44-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 


26(23) | ah 0-8° 
wala 






0.455(11.56) 
0.471(11.96) 
0.400(10.16) 


0.016(0.40) 
0.024(0.60) 






iin 
25(22) 
0.004(0.10) | 
0.010(0.25) 






0.841(21.35) MAX 


0.047(1.20) 


0.821 (20.85) 
0.829(21.05) 













[omen | SHER RE 


0.036(0.925) 0.010(0.34) 0.031(0.80) 
0.018(0.36) TYP 
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1M x 16 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES 


* Performance range: 


Se 
rec ans_| ew | vn [ow | | 
ressczon anaes | eos |r | 50m | en 


¢ Extended Data Out Mode 
(Fast Page Mode with Extended Data Out) 
+ 2 CAS Byte/Word Read/Write operation 
« CAS-before-RAS refresh capability 
« RAS-only and Hidden Refresh capability 
* TTL compatible inputs and outputs 
* Early write or output enable controlled write 
* Triple +5V+10% power supply 
« Refresh Cycle — 
-1024 cycle/16ms (Normal) 
-1024 cycle/128ms (L-version) 
-1024 cycle/128ms (F-version) 
+ JEDEC standard pinout 
* Available in plastic SOJ and TSOPiII) 








FUNCTIONAL BLOCK DIAGRAM 










Be) 
> 
n 


























GENERAL DESCRIPTION 


The Samsung KM416C1204A/A-L/A-F is a CMOS high 
speed 1,048,576 bit x 16 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, and high 
performance portable computers. 


The KM416C1204A/A-L/A-F features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 


The KM416C1204A/A-L/A-F is fabricated using 
Samsung's advanced CMOS process. 













CCAS Control | Vec 
UCAS Clocks Vss 
W VBB Generator DQ1 
to 
DQs 
=a) Lower 
Buffer 
° _ 
oo OE. 
Refresh Counter Memory Array o 
1,048,576x16 E 
<x 
Cells o DQs 
Ao~Ag +] Row Address Buffer c 6 
: e Upper DQi6 
Data out 
Ao~Ag Column Decoder Buffer 





Col. Address Buffer 
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PIN CONFIGURATION (top views) 
































« KM416C1204AJ « KM416C1204AT « KM416C1204AR 
10 Vss Vcc 1° 1 Vcc 
2 DQis DQi 2 2 DQi 
3 DQis DQe2 3 3 DQ2 
4 DQ14 DQ3 4 4 DQ3 
DQs 5 5 DQ4 
D 
oe Vcc 6 6 Voc 
- DQs 1 7 7 EO Das 
7 Dare DQs TJ 8 8 in DOs 
8 DQn Dar 1 3 9 En Dar 
DQi0 DQs 10 10 DQs 
DQ N.C. 11 11 N.C. 
N.C. 
LCAS 
UCAS ae ue 
OE ale N.C. 
i W WwW 
9 RAS RAS 
in N.C. N.C. 
Ar N.C N.C. 
A6 Ao Ao 
AS At Ai 
A4 A2 A2 
Vss As A3 
Vcc Vcc 
(SOu) 
(TSOP(II)-Forword) (TSOP(II)-Reverse) 
Address Inputs 
Data In/Out 
Cis [omnes 
Row Address Strobe 
UCAS Upper Column Address Strobe 
Lower Column Address Strobe 
Read/Write Input 
| OE Data Output Enable 
Tee | Powerse¥) 
Puc. | Nocomecton _—_— 
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ABSOLUTE MAXIMUM RATINGS* 


a 
Voltage on Any Pin Relative to Vss | vin, Vour =| -ttoz70— of 
Voltage on Vcc Supply Relative to Vss re a ee 


Power Dissipation 









< 


La 


QO 


Short Circuit Output Current 


* 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


a 


Supply Voltage 5.0 
VIH 














0 
Input High Voltage 24 
Input Low Voltage Vit -1.0 a ee eee ee 
DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 


ara Tt [oe 


KM416C01204A-6/A-L6/A-F6 
KM416C1204A-7/A-L7/A-F7 
KM416C1204A-8/A-L8/A-F8 


KM416C1204A 
KM416C1204A-L 
KM416C01204A-F 


KM416C1204A-6/A-L6/A-F6 
KM416C1204A-7/A-L7/A-F7 
KM416C1204A-8/A-L8/A-F8 


KM416C01204A-6/A-L6/A-F6 
KM416C1204A-7/A-L7/A-F7 
KM416C1204A-8/A-L8/A-F8 


KM416C1204A 
KM416C1204A-L 
KM416C1204A-F 


KM416C1204A-6/A-L6/A-F6 
KM416C1204A-7/A-L7/A-F7 
KM416G1204A-8/A-L8/A-F8 


Operating Ct Current* 
(RAS, UCAS or LCAS, Address Cycling eit ) 





Standby Current 
(RAS=UCAS=LCAS=W=Vin) | 





RAS-Only Refresh Current* 
(UCAS=LCAS=Vin, RAS, Address Cycling @trc=min.) 





EDO Mode Current* 
(RAS=VIL, UCAS or CCAS, Address Cycling @tpc= min.) 





Standby Current 
(RAS=UCAS=LCAS=W=Vcc-0.2V) 





CAS-Before-RAS Refresh Current* 
(RAS, UCAS or LCAS Cycling @trc=min.) 





Battery Back-Up Current, Average Power Supply Current, 

Battery Back-Up Mode, Input High Voltage(Vin)=Vcc-0.2V, 

Input Low Voltage(ViL)=0.2V KM416C1204A-L 
UCAS, LCAS=0.2V 

Din=Don't Gare, thc=125es (L-Ver) 

tras=tras min~300ns 
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DC AND OPERATING CHARACTERISTICS (Continuea) 


(Recommended operating conditions unless otherwise noted) 


Parameter dan |e | i 


Self Refresh Current 
RAS=UCAS=LCAS=0.2V © 
scat - Iccs 
W=OE=Ao-Ag=Vcc-0.2V or 0.2V RMPISC IEMA : oe ai 
DQ1-DQi6=Vcc-0.2V or 0.2V or Open 
Input Leakage Current IL) 10 10. uA 
(Any input O< Vin <Vcc+0.5V, all other pins not under test=0 V) 
Output Leakage Current low 7 
(Data out is disabled, OV<VouT< Vcc) ie 0 He 


Output High Voltage Level (loH=-5mA) 

































Output Low Voltage Level (loL=4.2mA) 


*NOTE: Icci, Icc3, Icca and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. icc is specified as an average current. In Icc1 and Iccs, address can be changed maximum 
once while RAS=VIL. In Icc4, Address can be changed maximum once while one Hyper page mode cycle time 
tHPC. 


CAPACITANCE (1a=25°C, Voc=5vV. f=1MHz) 


Parameter 


Input Capacitance (Ao~Ag) 


’ Output Capacitance (DQ1~DQ16) 





AC CHARACTERISTICS (0°c<ta<70°C, Vec=5V+10%, See notes 1,2) 
(Test condition : ViH/ViL=2.4V/0.8V, VOH/VoL=2.0V/0.8V, Output Loading CL=100pF) 

















-6 -7 8 
Parameter Symbol Units | Notes 
| Min | Max | Min| Max | Min; Max 
Random read or write cycle time tRC 110 130 150 | ons | 
Read-modify-write cycle time tRwc | 155 185 205 ns 














Access time from RAS tRAC 











60 70 80 ns 3,4,11 


Access time from CAS tCAC 17 20 20} ns | 3,4,5 


Access time from column address __| tas = 
CAS to output in Low-Z toLz 3 
| 
3 



































OE to output in Low-Z 












Output buffer turn-off delay from CAS tCEZz 








15 20 

Transition time (rise and fall) tT : 
RAS precharge time | tre 40 
RAS pulse width tRAS 60 | 10,000} 70] 10,000 ee 
RAS hold time . tRSH 17 2} 2 

CAS hold time tCSH 50 60 70 

CAS pulse width tCAS 10,000 

RAS to CAS delay time trep | 20 45| 20 50 60} ns 4 
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AC CHARACTERISTICS (Continued) 


Pea me | 


[AAS tocoumm address delaytime | tea | 15 | 30] 15] a5] 15] 40] ne | tt 
i eae 


CAS to RAS precharge time | 5{ {ns | 
Row address set-up time 


Row address hold time 











Hd 
Be] 
a 
P}|Lf 
NR 1A 
par a eee 


S 
3 


Column address set-up time 






Column address hold time 





Column address hold time referenced to RAS 
Column address to RAS lead time 
_ | Read command set-up time 






ado 


= = |p = as 4 ae afaA jo olr 


5 





Read command hold time referenced to CAS ~ 






Read command hold time referenced to RAS 





Write command set-up time 


3 


Write command hold time 





Write command hold time referenced to RAS 










Write command pulse width 


Write command to RAS lead time 
Write command to CAS lead time 


Data-in set-up time 


Data-in hold time 
Data-in hold time referenced to RAS 


Refresh period (Normal) 






g 
A 
= 
fo] 


sig 
Za 


ot 
DD 
wT 





= 
nN 
foe] 


128 
128 







Refresh period (L-version) 


= 
No 
foe] 


Refresh period (F-version) 
CAS to W delay time 
RAS to W delay time 
GAS precharge to W delay time pt 
CAS set-up time (CAS-before-RAS refresh) 
CAS hold time (CAS-before-RAS refresh) 
RAS precharge to CAS hold time 

CAS precharge time (C-B-R counter test cycle) 
RAS hold time referenced to OE 
OE access time 

OE to data delay 

Output buffer turn off delay time from OE 


OE commend hold time 
Access time from CAS precharge tcPA 
ean aS 
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AC CHARACTERISTICS (ontinuea) 


-6 -7 
Parameter Symbol 
Min cite Min | Max 














-8 
Notes 
n| Max 



































Hyper Page mode cycle time tHPC 29 ns 12 
Hyper Page mode read-modify-write cycle time _|_tHpRWC 81 ns 12 
CAS orcgarge time (Hyper page mode) tcp 10 10 ns 16 
RAS pulse width (Hyper page mode) tRASP 60 | 200.000 70 | 200.000 80 | 200.000} ns _ 
RAS hold time from CAS precharge tRHCP 40 45 ns 

Output data hold time tDOH 5 5 5 | ns 








Output buffer turn off delay from RAS 


tREZ 3 15 3 20 3 
a eee — 


20 | ns 7,14 















































Output buffer turn off delay from W twez 3 15 3 20 3 20} ns 7 

W to data delay tWED 15 Bi 20 __ | 20 ns 

OE to CAS hold time tocH 5 5 5 ns 

CAS hold time to OE tcHo 5 5] 5 | ns | 
OE precharge time toeP 5 5 5 | ns | 

W pulse width twPE 5 {5 5 ns 

RAS pulse width (F-ver) trass | 100 100 100 us 13 
RAS precharge time (F-ver) tRPS aio] | azo 150 ns 13 
CAS hlod time (F-ver) . tcHs | sof | sof | -50 ns 13 


KM416C1204A/A-L/A-F Truth Table 





DQo9~DQi16 
HI-Z 


DQ:1~DQs 
HI-Z 
























Standby 

















HI-Z HI-Z 








Refresh a 




















DQ-OUT H!-Z Lower Byte Read 
























































Fyre yrererie recy 














HI-Z es DQ-OUT Upper Byte Read _ 
DQ-OUT DQ-OUT Word Read 
DQ-iN I Don't Care Lower Byte Write 
Don't Care DQ-IN © Upper Byte Write 
DQ-IN | DQ-IN Word Write 
HI-Z HI-Z - 
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NOTES 


1. 


i<e) 


An initial pause of 200s is required after power-up 


followed by any 8 ROR or CBR cycles before proper 


device operation is achieved. 


. Vin(min) and Vit(max) are reference levéls for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 
assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2TTL Loads 


and 100pF. 


. Operation within the trcp(max) limit insures that 


tRac(max) can be met. trcD(max) is specified as a 
reference point only. If tacD is greater than the 
specified trcp(max) limit, then access time is 
controlled exclusively by tcac. 


. Assumes. that tRcb > tRcp (max). 
. tar, twcr, toHR are referenced to tRAD(max). 
. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to VOH or VOL. 


. twcs, tRwp, tcwo and tawop are non restrictive 


operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcowo>tcwo(min), tawo> 
tawp(min) and tawp>tawo(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read 


cycle. 


11. 


12. 
13. 


14. 


16. 


17. 


18. 


19. 


20. 


21. 


. These parameters are referenced to the CAS 


leading edge in early write cycles and to the W 
leading edge in read-write cycles, 

Operation within the tRap(max) limit insures that 
trRac(max) can be met. tRaD(max) is specified as a 


reference point only. If trap is greater than the 


specified traD(max) limit, then access time is 
controlled by taa. 

tasc >tcp min, Assume tT=2.0ns. 

1024 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification (F-version) 

If RAS goes to high before CAS high going, the 
open circuit condition of the output is achieved by 
CAS high going. If CAS goes to high before RAS 
high going, the open circuit condition of the output 
is achieved by RAS high going. 


. tasc, tCAH are referenced to the earlier CAS falling 


edge. 

tcp is specified from the last CAS rising edge in the 
previous cycle to the first CAS falling edge in the 
next cycle. 

tcwo is referenced to the later CAS falling edge at - 
word read-modify-write cycle. 

tcw is specified from W falling edge to the earlier 
CAS rising edge. 

tcsr is referenced to earlier CAS falling low before 
RAS transition low. 

tCHR is referenced to the later CAS rising high after 
RAS transition low. 

tbs, tDH is independetly specified for lower byte Din 
(1~8), upper byte Ding~16) 
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TIMING DIAGRAM 
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TIMING DIAGRAM 
LOWER BYTE READ CYCLE 
NOTE : Din = OPEN 
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TIMING DIAGRAM 
UPPER BYTE READ CYCLE 
NOTE : Din = OPEN 
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WORD WRITE CYCLE (EARLY WRITE ) 


NOTE : Dout = OPEN 


pai ~ pas V 


pag ~ baie 





a” 


ELECTRONICS 


@ = 
“| Yl 


Diet 
i TID. YVVZ3Z¥!¥!3-“” ee YWMVV-. YY’ | 


| (lll {UL 
lla lls =" Ll 







Sa —- 


as | 


yy Don't Care 


KM416C1204A/A-L/A-F | CMOS DRAM 


LOWER BYTE WRITE CYCLE (EARLY WRITE ) 
NOTE : Dour = OPEN 
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UPPER BYTE WRITE CYCLE ( EARLY WRITE ) 
NOTE : Dour = OPEN 
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WORD WRITE CYCLE (OE CONTROLLED WRITE ) 
NOTE : Dour = OPEN 
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LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 
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UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE ) 
NOTE : Dour = OPEN 
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’ WORD READ - MODIFY - WRITE CYCLE 
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LOWER-BYTE READ - MODIFY- WRITE CYCLE 
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: UPPER-BYTE READ - MODIFY - WRITE CYCLE 
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PACKAGE DIMENSION . 
42-LEAD PLASTIC SMALL OUT-LINE J-LEAD . Units: Inches (millimeters) 


1.070 (27.18) 0.025 (0.64) 
| MIN 
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1.080 (27.43) 
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0.016(0.40) 
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1M x 16 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


¢ Performance range: 


P| trae | teac | tre 
KM416V1000A-6/A-L6/A-F6 | 60ns | 15ns | 110ns_ 
KM416V1000A-7/A-L7/A-F7 | 7ons | 20ns | 130ns | 


+ Fast Page Mode operation 
» 2 CAS Byte/Word Read/Write operation 
* CAS-before-RAS refresh capability 
* RAS-only and Hidden Refresh capability 
« TTL compatible inputs and outputs 
« Early write or output enable controlled write 
¢ Triple +3.3V+0.3V power supply 
¢ Refresh Cycle 
- 4096 cycle/64ms (Normal) 
- 4096 cycle/128ms (L-version) 
- 4096 cycle/128ms (F-version) 
¢ JEDEC standard pinout 
* Available in plastic SOJ and TSOP(II) packages 












FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks 


























== 
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Ao~A7 


VBB Generator 


FF Vobd 


Row Decoder 


Memory Array 
1,048,576 X 16 


Column Decoder 


GENERAL DESCRIPTION 


The Samsung KM416V1000A/A-L/A-F is a CMOS high 
speed 1,048,576 bit x 16 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, and high 
performance portable computers. 


The KM416V1000A/A-L/A-F features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 


‘are fully TTL compatible. 


The KM416V1000A/A-L/A-F is fabricated using 
Samsung's advanced CMOS process. 
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PIN CONFIGURATION (Top Views) 






















* KM416V1000AJ ; « KM416V1000AT . * KM416V1000AR 
Vop 1} 1 0 Vop 1° Vss Vss 1 VpD 
DQi gi 2 DQ: 2 DQi6 DQis 2 DQ 
DQ2 13 DQz2 3 DQis DQ15 3 DQ2 
DQ3 4 DQs 4 DQi4 DQ 4 DQ3 
Dad 5 DQ, 5 DQi3 DQi3 5 DQa 
Voo 4 6 Vopb 6 Vss Vss 6 Vop 
DQs 7 DQi2 DQi2 7 DQs 
DQs 4 7 DQ. I] 8 Dai Dai 8 [<n 006 
DQs 8 DQr I 9 DQi0 DQ10 9 Kn DQ 
DQ7 DQs 10 DQo DQs 10 DQs 
DQs N.C, 11 N.C. N.C. 11 N.C. 
N.C 
N.C. 
W N.C. N.C : N.C N.C. 
RAS N.C. LCAS LCAS N.C. 
Ris Ww UCAS UCAS WwW 
ze RAS OE OE RAS 
10 Ait Ag Ag 16 (7 Ait 
Ao Ato As As 17 [cl Ato 
A Ao Az A7 18 [71 Ao 
Ae Ai Aé As Ai 
As A2 As - AS A2 
Voo A3 Aa A4 A3 
Vop Vss Vss VpD 
(TSOP(I)-Reverse) 
Address Inputs 
Data In/Out 
Row Address Strobe 
UCAS Upper Column Address Strobe 
LCAS Lower Column Address Strobe 
Read/Write Input 
| OE ——_|_ Data Output Enable 
Power 3.0 
| 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Any Pin Relative to Vss 
Voltage on Vop Supply Relative to Vss 
Storage Temperature 

Power Dissipation 

Short Circuit Output Current 


* 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 


-55 to+150 





should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 


[Feremeter [Symbol _| 


Supply Voltage 
Ground 

Input High Voltage 
Input Low Voltage 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 


Parameter 


Operating Current* 
(RAS, UCAS or LCAS, Address Cycling @trc=min.) 


Standby Current a 
(RAS=UCAS=LCAS=W=Vin) 


RAS-Only Refresh Current* 
(UCAS=LCAS=Vin, RAS, Address Cycling @trc=min.) 


Fast Page Mode Current* 
(RAS=ViL, UCAS or LCAS, Address Cycling @tec=min.) 


Standby Current 
(RAS=UCAS=LCAS=W=Vpp-0.2V) 


CAS-Before-RAS Refresh Current* 
(RAS, UCAS or LCAS Cycling @trc=min.) 


Battery Back-Up Current, Average Power Supply Current, 
Battery Back-Up Mode, Input High Voltage(Vi)=Vop-0.2V, 
Input Low Voltage(ViL)}=0.2V 

UCAS, LCAS= 0.2V 

Din=Don't Care, tac=31.25ys (L-Version) 

tras=tras min~300ns 


«am 
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KM416V1000A-6/A-L6/A-F6 
KM416V1000A-7/A-L7/A-F7 
KM416V1000A-8/A-L8/A-F8 


KM416V1000A 
KM416V1000A-L 
KM416V1000A-F 


KM416V1000A-6/A-L6/A-F6 
KM416V1000A-7/A-L7/A-F7 
KM416V1000A-8/A-L8/A-F8 


KM416V1000A-6/A-L6/A-F6 
KM416V1000A-7/A-L7/A-F7 
KM416V1000A-8/A-L8/A-F8 


KM416V1000A 
KM416V1000A-L 
KM416V1000A-F 


KM416V1000A-6/A-L6/A-F6 
KM416V1000A-7/A-L7/A-F7 
KM416V1000A-8/A-L8/A-F8 


KM416V1000A-L 





Iccs 
Icce 
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DC AND OPERATING CHARACTERISTICS (continued) 


(Recommended operating conditions unless otherwise noted) 


Parameter —*d Smbol in | e| 


Self Refresh Current 

RAS=UCAS=LCAS=ViL 

PR i peices ai Iccs . 
W=OE=Ao-A11=Vo0-0.2V or 0.2V - KMS TGVIOOOAE _ 250 | #A 
DQ1-DQ16=Vpb-0.2V or 0.2V or Open 


Input Leakage Current hay 40 40 
(Any input 0< Vin <VpD+0.3V, all other pins not under test=0 V) 

Output Leakage Current low) 10 
(Data out is disabled, 0V<Vout<Vpp) 

Output High Voltage Level (loH=-2mA) | | Vow } 24] - | 
Output Low Voltage Level (lo.=2mA) VoL | = | 04 | 


*NOTE: Icc1, Iccs, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. icc is specified as an average current. In Icc1 and Icc3, address can be changed maximum 
once while RAS=Vi. In Icca, Address can be changed maximum once while page mode cycle time tPc. 





CAPACITANCE 1a=25°C, Von=3.3V. f=1MHz) 


ee ee 


Input Capacitance (Ao~A11) 


Input Capacitance (RAS, LCAS, UCAS, W, OE) 
Output Capacitance (DQ1~DQ16) 





AC CHARACTERISTICS (o°c<Ta<70°C, Vov=3.3V+0.3V, See notes 1,2) 
(Test condition : ViH/ViL=2.1V/0.8V, VoH/VoL=2.0V/0.8V, Output Loading C.=100pF) 


naira Min | Max fal a 








Parameter 


Random read or write cycle time 


2 ot ao 
5 | |° 
on _ 
a;o 


[o*) 
on]o 
Oo; 
o 
ai 
oO 
we 


Read-modify-write cycle time 


—_ | — 
oO | ow 
a }o 


Access time from RAS 


Access time from CAS 


ao} 
o;}u 





Access time from coiumn address 
CAS to output in Low-Z 
Output buffer turn-off delay 





Transition time (rise and fall) 














Tare 

RAS precharge time pte | ao] | sof | eo] 
RAS pulse width | tras | 60 | 10,000 10,000| 80 | 

RAS hold time jmon | ts] | ol | aol 
GAS hold time tess | oo] | vol | ao) 
CAS pulse width 10,000| 20] 10,000| 20] 10,000 
FAS to CAS delay time | two | 20] 45| 20|  50| 20| 60! 
RAS to column address delay time | tro | 15{ 30| 15| 35/ 15] 40] 





a : 7 ney 
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AC CHARACTERISTICS (continued) 


neste emake 
GAS to RAS precharge time a se ee 
Row address set-up time | fuse | of | of | of [ms] 
Row address hold time | tran | 10 | 
Column address set-up time I asc | 0] 


a 

|| 

Column address hold time ee 
45{ | 

aaa! 





_ 
an 


Coiumn address hold time referenced to RAS TAR 





Column address to RAS lead time tRAL 








Read command set-up time tRcs | of | Lo 
Read command hold time referenced to CAS tRCH [| | ol 
Read command hold time referenced to RAS tRRH | =f oof )~— 





Write command set-up time ltwes| of | of | -of 
Write command hold time twCH | a] =| ts] Ss] ts} fl ns | 
Write command hold time referenced to RAS twcr | a} | so] | 55] | ns|] 6 | 
Write command pulse width twp | ao{f | sf [a] [onl | 
Write command to RAS lead time 15 | fas] sf ol dT ns | 




































































CAS precharge time (C-B-R counter test cycle) tCPT | oo] | as] | 











Write command to CAS lead time 15 | of ast] ol ns | 
Data-in set-up time [ws | of | of  [{ of {ns | 10 | 
Data-in hold time fom | io] | ts] | 5] ns | 100 | 
Data-in hold time referenced to RAS | torn | 45/ | 55{ | col [ns] 6 | 
Refresh period (Normal) tREF | ea] | eal || ms | 
Refresh period (L-version) tREF | 428] 128 a ms — 
| Refresh period (F-version) tREF 128 = 128 | | 128] ms 
CAS to W delay time tcwo | 40 | so] | sol =| ons | 8 
RAS to W delay time trwo | 85 | 95} | 105] =] ns | 8 
Column address to W delay time a tawD | 55 | 6o| | 65] | ns | 8 
CAS precharge to W delay time tcpwo| 60 | 65{ | 70, |r| | 
CAS set-up time (CAS-before-RAS refresh) tCsR 10 | of =| to] ns | 
ee ree AE coe hal 7 le ee ae 
RAS precharge to CAS hold time tRPC | sj | 5s, | si | ns | 
[ns 

















Access time from CAS precharge tcPA | | a5] | 40] | as 3 
Fast Page mode cycle time alle 40 a 

Fast Page mode read-modify-write cycle time tprwc} 80 fio] | 

RAS pulse eidth (Fast page mode) tRASP | 60 | 200K | 70/ 200k] 80| 200K] ns | | 
RAS hold time from CAS precharge ~| tRHCP 35} {| aol | a5] ons | 

CAS precharge time (Fast page mode) tcp 1 Ff wolf tof ns |] 














0 10 
RAS hold time referenced to OE tROH 15 Pa ee 
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AC CHARACTERISTICS (Continuea) 


E access time 
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RAS pulse width (F-ver) 
RAS precharge time (F-ver) 
CAS hlod time (F-ver) 
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NOTES 


1. An initial pause of 200/s is required after power-up followed by any 8 ROR or CBR cycles before proper device 
operation is achieved. 

2. Vin(min) and ViL(max) are reference levels for measuring timing of input signals. Transition times are measured 
between ViH(min) and Vit(max) are assumed to be 5ns for all inputs. 

3. Measured with a load equivalent to 1 TTL Loads and 100pF. 

4. Operation within the tacp(max) limit insures that trac(max) can be met. tRcp(max) is specified as a reference point 
only. If tacp is greater than the specified tacp(max) limit, then access time is controlled exclusively by tcac. 

5. Assumes that tacb > trcp (max). 

6. tar, twcr, tDHR are referenced to tRap(max). 

7. torF(max) defines the time at which the output achieves the open circuit condition and is not referenced to Von or 
VOL. ; 

8. twcs, tRwD, tcwo and tawp are non restrictive operating parameters. They are included in the data sheet as 
electrical characteristics only. If twcs>twcs(min) the cycle is an early write cycle and the data output will remain 
high impedance for the duration of the cycle. If tcwo>tcwo(min), tawo>trwo(min) and tawo>tawo(min), then the 
cycle is a read-write cycle and the data output will contain the data read from the selected address. If neither of 
the above conditions are satisfied, the condition of the data out is indeterminate. 

9. Either thcH or tRRH must be satisfied for a read cycle. 

10. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in read- 
write cycles. 

11. Operation within the trap(max) limit insures that trac(max) can be met. tRap(max) is specified as a reference point 
only. if trap is greater than the specified trap(max) limit, then access time is controlled by taa. 

12. tasc, tcaH are referenced to the earlier CAS falling edge. 

13. tcp is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the next cycle. 

14. tcwo is referenced to the later CAS falling edge at word read-modify-write cycle. 

15. tcwt is specified from W falling edge to the earlier CAS rising edge. 































LCAS ' 
noo. OOOO ieee oo 
. 


16. tcsr is referenced to earlier CAS falling low before RAS transition low. 
17. tcHR is referenced to the later CAS rising high after RAS transition low. 
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18. tos, tDH is independetly specified for lower byte Din(1~s), upper byte Dinig~16) 


UCAS 
TOON oe MENU 
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, tos tou , 
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ee 
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19. 4096 cycie of burst refresh must be executed within 16ms before and after self refresh, in order to meet refresh 
specification (F-version). 


TIMING DIAGRAMS 
WORD READ CYCLE 
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tcas 


ee ae, 


N 
os Bp aN 
| 


oa=xe ViH — SVVVY 
UCAS a SQV 
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TIMING DIAGRAMS (Continued) 
LOWER BYTE READ CYCLE 
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A RY eg, oe ROCA OHO SRK 


trcs 


Vin — 
VOI L_ 


trey 


SSS 


sl 






YY 


OE . — ROR BRO 


ae torr 
DOQ1-DOg Om OPEN XxX VALID DATA-QUT ) 
V, _ 
DQo-DQi¢ si ———. OPEN 


Vo. — 


UPPER BYTE READ CYCLE 


tac 
tras 


Vin 


ia 


RAS “ 

Vi = ; 

RSH 
VV J t 
ucas "KS ‘CAS 
an f_/ 
ee 

CCAS 





Vin — 
YIN at u 
Ls \/ \V/\/ 
ARRON ndiSitcs DOO {aor ONInernen 
ee TE 


Me OR | 
FE RO LEO 


DQ;-DQ, = OPEN 


=| 


toon ROOK 





Vo. — oe toez 


Vv _— 
DQ g-DQ yg a OPEN OX VALID DATA-OUT 
Vot— 
RY DON’T CARE 
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KM416V1000A/A-L/A-F a CMOS DRAM 


TIMING DIAGRAMS (Continued) 
WORD WRITE CYCLE (EARLY WRITE) 


— tro 

tre 
tras par 
Vv, — 
RAS tar 
Vi — 


tore k 
eee il 
: ~O yy) So 


ee, 
= asc 
wos “BY =| N__ a ie 


UCAS 


tase | | tran = a 

A Vi — XY 4 aN eee eeaeanaceeaessyas Y xX 
ve XXXL nodes DRM RBEREES DR KKK 
AX 


: | 
Vit— YYVVVVV VV VV 
0 SERRE 


Vi — YAA 


IIS 


XKAKA ae a KAKA 
os ees 
; [et WCR 
Vit — POT IAAT AAAI AAI TTT AAAARAIAASIC 
PIONS OTGCONGCoOrecorsrosesorsienecocerorerororsrocorsusresoriueueiereroroereoreronsrrnrnaarens 
tou 
Ba 0 ORTHO ATA RRS 


\ 
tour : 


LOWER BYTE WRITE CYCLE (EARLY WRITE) 


tac 
tap 


tras - pS 
Vin — 7 ; 


tar 
Vi — 


torp trec 
ae (Saree (a = 


UGK Vn — TVVYVY b : 
) : - ey == ss 
tesH 
[GAS Vin — (YXYXY , toas =f 
i — 


RAS 





Vii — XXX trap 


tasr tray i 
Vin — “YX 0 — Reg een es (XXX XK XXX KK KXVYKN KK KKK XXX KN 
ARON ass OOK, SBBRES PROC OOOO ISOS 
ee VYYYVYYYYYVYVYVY XN ————- VYYVVY WY 
A AXIO 


Vi — — = — 
| twer ; . 
FE IIIT AISI 


Bare OR ae oarain DCRR 


toxr 


=| 









ct CN NN 


: Ka DON’T CARE 
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KM416V1000A/A-L/A-F ~ CMOS DRAM 


TIMING DIAGRAMS (Continued) 
UPPER BYTE WRITE CYCLE (EARLY WRITE) 


tac 











tras 
Vv iH — ; . 


Vi — 


re i= =e a 


~XXKY a ee 
ro OY ale =n 
© SOON, ios | aes s NOON 
Fe RRR St EO 


twer 
tawe 


oe aa ea RK KSC 





eam NOUN NN ii renninnn : Sane My 


zs - 


Vin — 
mee ISK vats maa DRS IKK 


tour 


WORD WRITE CYCLE (OE CONTROLLED lial 











me 





es) 
an 











vos SRW ia a | f= 

—. Vin — XX x 

i, OD TE Hae REE SOO) 

aig OOO OAK OA ah URN 

En RY oes RAIA 
DQ1-DQi¢ _ KKK F VALID DATAIN, | DATA-IN KK RIRRRRRNER WY 


oy. DON’T CARE 


_ ELECTRONICS 











KM416V1000A/A-L/A-F CMOS DRAM 


TIMING DIAGRAMS (Continued) 
LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 


tac 


tras tap 
Vig — t 
RAS 


as = | ee Seana 


Vin — Or VF ; 
Vin — APS tcas 
[CAS OX? tuo bho \—— Jf / 
aes 








Vir = ZN xX tasr 


tRaH 
Vi — YY > N ——— VV 
© RRL aotrtss PROM Sows PRK 















ZN LN ZN £\N 
Vin — VY VV VV YY VY YY YY YY twe YVVVVVYYYV VV 
He OT SKK) 
trwe 
; teow ; 
Va - YVY YYVYV VY iY, v7, Vv, 
FE ORY I= a OK RRR 
tox 
Vin — YY VVVVV VY VY VY VV YY VV VYVV , 
soon Hm CEH ra omen KO 
Viq — YVYY YX YW 
-  DQg-DQi¢g 


Ve — RK KCCI KKK RII IRI 


UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 


tac 
te AS tae 





RAS tar 
Vi 


; tcrp | d 

pons ie OU, AL 

UCAS = 
PT Fee 

cms * ~ RRRY va 


Vi — BAA 

















trap 
tasr tray tasc 


Ae ORNL anitiss PROP SBontss PROC AKKR KKK) 





— YY V/ VV VV/ YYY YY VY XY twe VA SVS 4 YS YA VA 
Wn KN AERO 
tawi ix . 
BET ORK soon RRR KKK 


coat, EET 


toep tos tow 
D000 RPK _vatio oaraany RRR KKK KKK IS 
xo DON'T CARE 
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KM416V1000A/A-L/A-F CMOS DRAM 





TIMING DIAGRAMS (continued) 
WORD READ-MODIFY-WRITE CYCLE 


tawe 


tras trp 





Vie — 


RAS 


ve wee) ; 
RSH 
a OG tcas 
UCAS + i 
Vii 


Aa 
tar 


trsH - 
is = 2 
—D" ts | NS 





Be 





Mies 
icas 0 AY 


A - = ROW = OES TCRXON XOXXK XW) IXY 











OK oo Gas Sm WY 
; ca = tcewo a 
W : | | . OOOO 
=a ins 
FE OO 2 





trac toez 


. t 


CLZ 


READ-MODIFY-LOWER-BYTE-WRITE CYCLE 




















Vii — 79%) SS PS Fa LUCIO ASALACOALACOLOALU ALG SARRNUERY 
A OO RON KX) (sooness XY) IOI) 


ie 4 baal tcwo aia 
4 LKR) 
taa 


twe 
FE RR) in a 





SI 








toep 


; trac toez 
Von re x, 
DQ,-DQg 4 4 ALID DATA OUT) OX XYIVALID DATA IN 
Vio. — $y SY! 


DQg-DQi¢ ————————OO OO eee OPEN - 
OO) eis 
DON'T CARE 
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-KM416V1000A/A-L/A-F CMOS DRAM 





TIMING DIAGRAMS continued) 
READ-MODIFY-UPPER-BYTE-WRITE CYCLE 











ose MN Fs] 
[CAS a 4, mi i 
Ea 
Vin — X Y Y ny 
A OEY RS IR SKI ICR) 


tow. 













=| 
<< 
426 
| 





we) KX 
\— RK 
VV 


_ Y, toea 
FE ERR 


XXX | 
~ Won ~ eS a 
melas i as 


Vio. — trac 


ViioH — _ AROY 
DQ¢_-DQ OY SAX] VALID DATA OUT) 
. Vio. — me ‘ 
CLZ 


FAST PAGE MODE WORD READ CYCLE 


ee ton 
Caio on 





trasp aay 
Vv Iq 


truce 
Vi — t 
CRP tec t 
. = tacp top ne tcp + __+1 
Vi — xX XF t 
=F) NO NN 
to tore —— 
| | | 
Vi — OF | 
[CAS nae Yy on WW Y 
= ae ee 
ae 


Vin — ® b I VYY al reas 
© FBS PROM, Sobntts DRS Rous ) ChE OY 
ce i es 






















WP Ae CO an TREX 
toga RTT YN TA VAVAVAVAY, 
BE SSN LASSIE ARR 


t torr 


trac 


eA == ie 
ou ras x < 
: tez teiz teiz 
Nr DON’T CARE 
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KX DATA-OUT |) 
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KM416V1000A/A-L/A-F CMOS DRAM 





TIMING DIAGRAMS (continued) 
FAST PAGE MODE LOWER BYTE READ CYCLE 


| trase tap 
aa Viq — 


RAS 
Vi ~ torp 


Ny = RY 
Ucas =" Y 
Vi — 





trHcre 








torp 


tcas  “H— XXY 
Vi—Q 
tasr 












Vn — Y 
OLUMN i 
DCO SE OEE 
trap if t 
trcs FJ mi RCH 





=| 


roe ~ OK YQ 













OE OOO TA 





WV, 
Vit We ROR EXERT 
rae a 
so BEA! : EX port) spas QM otter 
toz 
DQ¢-DQi¢ be = ee OPEN : 
FAST PAGE MODE UPPER BYTE READ CYCLE 
RAS ses tar |. tee 
Mie tore ; 








vos Oy 
CAS Xx) 


[CAS al 
al 
Via — ae 
A . a ome =e DOSED = Peston 


ADD oe aa 






feet | 
) \/ xx 

X EEKED 

IF tacH 


~ RR a Sai RY 


=| 





Fe RK ane ea Ae pit | AGG 


Moe ne me 
trac 
Vou — tae VALID VALID ia ige >, | VALID 
DQe-DQi¢ Nees DATA-OUT HORE DATA-OUT T oavacur oP DATA-OUT _) 


teiz 
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KM416V1000A/A-L/A-F = CMOS DRAM | . 


TIMING DIAGRAMS (continued) 
FAST PAGE MODE WORD WRITE CYCLE (EARLY WRITE) 


trasp trp 


Vin — t 
RAS ni 


Vit — 
t 
yr cl cP 
ee | iv, tcas tcas— tcas 
os NS 
i @ 
tie a = 
[ee] bas 
oe WD \s=4 F 
(CA Wo wo 


Vin— Fee fel Tn on sel 
A ae ‘ Mei aa K 
H- VY ~) = 
Wn RLY onan we apts OL RN) 
Lt tom} cr owt 5 
ce RRO RR PANN 


tox 


casa BISTRO oe IN Se HOON SB, HORRORS 


tour 


FAST PAGE MODE LOWER BYTE WRITE (EARLY WRITE) 


trasp tre 


A 
i 


Vin — 
Vin a 


tar— 


vi YG 
ce 
UCAS x) 


sud tec tec trs 

Vie x torp [| ee: top top H 
aa 

on Vin — XXy \ 
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tasr 


<, 
fs 
PO 

e) 

i 

Cc 

= 

2 
VA 

C7 
<x! 
RSS 
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33 | 
A 
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ae 


A 7 me ID ye ADDRESS KY ie xX i s WX ina 
_ Vin — XS vX | YD | W, 
Fy — SK fame en aa sti OK 
| teow Sk i tow. 
TEP BRR KRK ween YX mieis SY 
aan tou 


0-008 RK ottitn DIK oxtain DOCK ora DORK 


NNO enwuwemnnnrs LUUIOONNNNN 


Koy DON'T CARE 


P SAMSUNG ha 


ELECTRONICS 






Vin — 
















pay0a% YY RENN 


Vi — A Aas 





KM416V1000A/A-L/A-F 


~ TIMING DIAGRAMS (continued) 
FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE 


LCAS 


S| 


DQ,-DQs 


DQ9-DQis 


CCAS 


A 


S| 


DQ,-DQi¢6 


CMOS DRAM 





trasp 


=f 








tal 


taco 


R 





tec 


top 


tcas 
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os 











Vin — Ie} 
ve 7 tore 
vn RYE 
Vin = Wy torp 
V XXy 
Iq ,” 
eS x tasr tran 
Vin — 
Vit — 
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Vit > 


Vi — WAY” DLE 


Vin ~ VX YYVY 


OER 
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pe ey oe | 
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VYYVY Mie ii = YY aeny Acta) wy, 
SE ae OOOO RXR 
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tow. 


[| tawe 
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Ve ROKER 
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KK) 





te aes OE en 
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tour 


FAST PAGE MODE ee READ-MODIFY-WRITE CYCLE 
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aaa ae 
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tawe al 
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Vin — 
Vi tere 
| Vin = YXXy 
Vi Mods torp 
Vin— YYVY 
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"  tasr tray 
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YX ROW y 
eee 
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Vii 
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z teiz 
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KRY a QOS 
CORO a) 7 

















‘i fe) « (. } 
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xX x DON'T CARE 
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- KM416V1000A/A-L/A-F 


CMOS DRAM 





TIMING DIAGRAMS 


FAST PAGE MODE READ-MODIFY-LOWER-BYTE-WRITE CYCLE 








trasp | tre 
a geag Vin — = 
RAS 
Vu — tore tapc 
ucas VN tprwe L tas 
Vii — taaliets —+ tesy top 
= + ee tcas —1 —~— tcas 
om BD \ V7 
tasr tray | 
Vin ~ X® OW COLUMN RKXX XX TKK COLUMN KKK KKK 
© ADO IEE Maes RROQQODK Pt ess REXXAR RONEN 
WwW Vii — XY YY OXY ae oe = \ 
Ves toca 
o a 
Va — taa 
EEE oIee ha 
Vion ‘) ; VYYYVV YX 
Darda OX DK D OL PRN 
teuz teuz ; 
ity: VALID DATA-OUT VALID DATA-IN VALID DATA-OUT VALID DATA-IN 
DQe:DQ 1g PEN 
Vio. . 
FAST PAGE MODE READ-MODIFY-UPPER-BYTE-WRITE CYCLE | 
tre 
— TRasp —~| 
Vin —_ tar | |__| 
Bas Vie tore coh ire uid, 
taco terwc 
Vin — YY CAS — CAS 
be 
Vin —- VY XH 
oie Vi — % tasr tran tase 
| | Eg a pa 
Vin — "ZY YYVIVYVVYV a AA A ANT AU ANT AN AU AT AUN ANT ANU ANU A ANY 
my OOK, 888) XL Robress ROCOOOOUA, sseess POO RNY 
trao fal tra | 
= Vin — OOOO 1 7 
” Vii — QOL a 
cI 
ee eee 
Dar00, yor a ai ae al ' 
trac 
tcac toez tou : 
Vion CAV ATAU AVANT | 
Pe ae OX PK) LR Ps RK 


(Continued) 
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KM416V1000A/A-L/A-F CMOS DRAM 


TIMING DIAGRAMS (Continued) 


RAS ONLY REFRESH CYCLE 
NOTE: W, OE=Don't Care 


~— Vn— - 
RAS Ve 
tcrp 
een es = 


LCAS 





vn SOK adortiss PR SSI IIIS SII 
CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W, OE, A= Don’t Care 





taas 








ARS Vin — 
Vi — te 
ies on | pxppereRRRRRR VARY ERENT 
ors L OOOO OOO 
reas YH = = KK 
cons SEEK KIX HS 
pat-pate “°"~ N OPEN | 


ok 


CAS-BEFORE-RAS SELF REFRESH CYCLE (Self restresh only) 
NOTE: W, OE, A= Don’t Care 


tres 


trp . 
AAS Vin trass 
Vit — 
Ge ee trec 
Vin XXX \) 
q 
UCAS s | | _& xX XX 
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— 
ae tcHs 
ms os ROON 
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DQ1-Dai6 Pe ; Ny EEN 


ex DON’T CARE 
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KM416V1000A/A-L/A-F CMOS DRAM 


TIMING DIAGRAMS (continued) 
HIDDEN REFRESH CYCLE (READ) 


tre : tac 


— tras tap tras tre 


tar 
RAS y, _ 
Vin — y tour 
UCAS Vi — \ 4 / 
Vin — ; 


tasr 





ON PD EM NNENNNENINN NOISES 
trap 
WY RRR RRR RNY 7 SALMO UALL IAAL ALULG 
taa ; torr 
ce * REXEL EOIN 
ite ve - trac 2 Z VALID DATA-OUT = ) 


HIDDEN REFRESH CYCLE (WRITE) 
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+—___—— tras tre tras trp 
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- t 
RAS AR 
Vi — 
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LCAS Ves 
tasr ; 
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> 
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pare Via — VYOWIIIITIT Y VYVYVVYYYYVY YY ¥ YY VY YY VY VY VV 
Fn XK TT IKK 

Vin — YY VV YY VY Y YY YY VV ¥ ¥ ¥ YAY VY YY VV YYV YY YY VY VV Y YY YY VY VY YY VV YW 
FE. KKK KI KKK KKK 


tox 
Vou — RAI YYVY/YvV IVY VW YY YY 
100 1 RRO warn SOIT IIIs 


tour 
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KM416V1000A/A-L/A-F CMOS DRAM 


TIMING DIAGRAMS (continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


trp 


Vi : tras 
RAS 
Vit 


tcpr tasH 
tcsr : 


Vin — te 
UCAS | asoaenes : 
Vii — ; 


=u 
oe =o 
mi 






o iaeap 
Vin — VYYYY VWYYYVYYYYYYVYVVYY —— — YYYYYYYY YW YY YY YVYVY VY 
yn — RRL) {cones} RS KK 
_ READ CYCLE + ee 
Viq— WV/YYSYSYSY VY YY VY VY VY VY Y ¥ -— ks 
We XK KK KAKO & | | Nees 
| aes 
Vu —~ YYVYVYVYVYYVYVYVY YY YYVYYVVYYYYYw KY YY VV 
REN | ARIS 
eae ee a 


(| VALID DATA-OUT \) 


LOK KKKKXXD 





Von — X\ 
DQ,-DQi6 Vo. a rk 
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— Vu-VZw DIVYIVIVYVYYVVYV YOY ail 
WRK | 
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Oo 
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ee OIA KAA AKKANK 
} 
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selina 


READ-MODIFY-WRITE - 
LE Nuun ooounnnnnnnning 


= a 
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oe ES Th 

touz tos 


Vuow — | VVYYVVXVY 
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- PACKAGE DIMENSION -. 2 
42-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


1.070 (27.18) 












0.375(9.53) 





0.395(10.03) 
0.405(10.29) 
0.435(11.05) 
0.445(11.30) 
0.008(0.20) 

0.01 2(0.30) 

0.365(9.27) 








0.130(3.30) 
0.140(3.56) 






Scr 





| | 0.050 (1.27) 0.040 (1.02) 
; TYP MAX 


44-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 


26(23) aR 0-8° 
1 


0.016(0.41) | | 
0.020(0.51) 






0.400(10.16) 


= 
ar 
rie 
cla 
wl= 
Oa 
o\1o 


0.016(0.40) 
0.024(0.60) 






0.010(0.25) 


0.841(21.35) MAX 










0.047(1.20) 





0.821(20.85) 
0.829(21.05) 









[eso] 





F z 

0.036(0.925) 0.:010(0.34) | | 0.031(0.80) S 
aa i | 0.018(0.36) TYP s 
oO 





1132 





ELECTRONICS 


<I 


0.025(0.64) 
1.080 (27.43) | | MIN 
Lott . 


KM416V1200A/A-L/A-F 


CMOS DRAM 





1M x 16 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


¢ Performance range: 


Petra | tence | tre | 
KM416V1200A-6/A-L6/A-F6 | 6Ons | 15ns | 110ns | 
KM416V1200A-7/A-L7/A-F7 
KM416V1200A-8/A-L8/A-F8 | 80ns | 20ns | 150ns | 


¢ Fast Page Mode operation 
+ 2 CAS Byte/Word Read/Write operation 
* CAS-before-RAS refresh capability 
« RAS-only and Hidden Refresh capability 
* TTL compatible inputs and outputs 
¢ Early write or output enable controlled write 
* Triple +3.3V+0.3V power supply 
¢ Refresh Cycle 
- 1024 cycle/16ms (Normal) 
- 1024 cycle/128ms (L-version) 
- 1024 cycle/128ms (F-version) 
¢ JEDEC standard pinout 
¢ Available in plastic SOJ and TSOPi(II) packages 






FUNCTIONAL BLOCK DIAGRAM 








Control 
Clocks 


c 
EE 
=| ala 





VBB Generator 


Vpp 


GENERAL DESCRIPTION 


The Samsung KM416V1200A/A-L/A-F is a CMOS high 
speed 1,048,576 bit x 16 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, and high 
performance portable computers. 


The KM416V1200A/A-L/A-F features Fast Page Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 


The KM416V1200A/A-L/A-F is fabricated using 
Samsung's advanced CMOS process. 










DQ: 
to 
DQs 























Lower 












Buffer 
lo a 
os OE 
Refresh Counter Memory Array Q 
1,048,576 x16 E 
< 
Cells o DQs 
wn 
Ao~Ag |_»| Row Address Buffer 5 to 
sk Upper DQi6 





~ Col. Address Buffer 


Ao~AgQ 







Column Decoder 













Data out 
Buffer 





PSimsunag 
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KM416V1200A/A-L/A-F 





PIN CONFIGURATION (top views) 


* KM416V1200AJ 


* KM416V1200AT 


CMOS DRAM 


+ KM416V1200AR 


Vo 190 Vop 10 Vss Vss 1 Vop 
pai gq 2 DQ 2 DQi6 DQi6 2 DQ: 
DQ 3 DQ2 3 DQis DQis 3 DQ2 
DQ3 14 DQs3 4 DQi4 DQi4 4 DQ3 
Dad 5 DQ4 5 DQ13 DQi3 5 DQs4 

6 Vop 6 Vss Vss 6 Vbo 
Wop DQs (CJ 7 DQi2 DQi2 7K Das 
peat DQ. tC] 8 Dar Dan 8 [1-6 
DQs Cf 8. DQ7 I] 9 Dato DQt0 9 £0 DQ 
DQ; DQs 10 DQg DQ9 10 DQs 

-DQs N.C. 11 N.C. N.C. 11 N.C. 

N.C. 
N.C. 
WwW N.C. N.C. N.C. N.C. 
N.C. CCAS CCAS N.C. 
ne Ww UCAS UCAS Ww 
ts RAS OF OE RAS 
es N.C Ag Ag N.C 
Ao N.C As As N.C 
A Ao A7 Az Ao 
A2 Ai As As Ai 
A3 Ae As As Ae 
Vop A3 A4 A4 A3 
Vppb Vss Vss 22 [0 Voo 





(SOJ) 


(TSOP(II)-Forword) (TSOP(II)-Reverse) 






[PinNane | Pin Function 
Piss [Grown 
"RAS [Row acciessSicbe 
UCAS | Upper Column Adress Stabe | 
TEAS [Lower oti Adress Svobo_ 
PW | Reearwiteinnt 
FOE [bata Output Enabio 
veo | Powe) 
[xc [Wess 











1B 


= 
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ABSOLUTE MAXIMUM RATINGS* | 


acy Wee ena al 
Vin, Vout -0.5 to 4.6 









Parameter 









Voltage on Any Pin Relative to Vss 









Voltage on Vpp Supply Relative to Vss Vopb 





Tstg 
Pp 


los 


Storage Temperature 








Power Dissipation 
Short Circuit Output Current 








* 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 







Parameter 





Supply Voltage Vopb 


Ground Vss 
Input High Voltage 


Input Low Voltage 


























DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 



























































Parameter Symbol} Min | Max | Units | 
Operating Current" KM416V1200A-6/A-L6/A-F6 150 mA 
a AKS : KM416V1200A-7/A-L7/A-F7 lect - 140 mA 
| (RAS, UCAS or LCAS, Address Cycling @trc=min.) KM416V1200A-8/A-LB/A-F8 M2 130 | aan J 
Standby Current KM416V1200A | 2 mA 
SKE KM416V1200A-L \cc2 - 1 mA 
WES esc ean KM416V1200A-F , |_| ma 
+— —|— 
RAS-Only Refresh Current* KM416V1200A-6/A-L6/A-F6 150 mA 
TAKS _TARS =e : ‘ KM416V1200A-7/A-L7/A-F7 Icc3 - 140 mA 
naaeae RAS, Address Cycling @trc=min.) KM416V1200A-8/A-L.8/A-F8 130 mA 
Fast Page Mode Current" KM416V1200A-6/A-L6/A-F6 tr 100 mA 
—— OAKS W PAKS : : KM416V1200A-7/A-L7/A-F7 Icc4 - 90 mA 
eee UCAS or LCAS, Address Cycling @tec=min.) KM416V'1200A-8/A-L8/A-F8 | 80 mA 
Standby Current KM416V1200A Bie 1 mA 
ERE TIRE ACRE AT Alon. KM416V1200A-L - ccs - 300 | uA 
encase 0.2V) KM416V1200A-F al | 500 uA 
— — i KM416V1200A-6/A-L6/A-F6 150 | mA 
GAS. UCAS or LORS Cyslng @trcemin KM416V1200A-7/A-L7/A-F7 | loco | - | 140 | mA 
MeN KM416V1200A-8/A-L8/A-F8 130 | mA 
: = 
Battery Back-Up Current, Average Power Supply Current, ; 
Battery Back-Up Mode, Input High Voltage(ViH)=Vbp-0.2V, 
Input Low Voltage(ViL)=0.2V KM416V1200A-L icc7 - 350 HA 
UCAS, LCAS=0.2V 
Din=Don't Care, tac=125ys (L-Version) 
tras=tras min~300ns 
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DC AND OPERATING CHARACTERISTICS (continued) 


(Recommended operating conditions unless otherwise noted) 


ee CI 


Self Refresh Current 
RAS=UCAS=LCAS=0.2V 
W-OE=Ao-Ag=Vpp-0.2V or 0.2V 
DQ1-DQ16=Vop-0.2V or 0.2V or Open ~ 


KM416V1200A-F 








Input Leakage Current 


(Any input O<VIN <VoD+0.3V, all other pins not under test=0 V) 








Output Leakage Current 
(Data out is disabled, 0V<VouT<Vpp) 


Output High Voltage Level (loH=-2mA) 








Output Low Voltage Level (lo.=2mA) 


*NOTE: Icc1, Icc3, Icc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, address can be changed maximum 
once while RAS=VIL. In Icca, Address can be changed maximum once while page mode cycle time tPc. 


CAPACITANCE (1a=25°C, Voo=3.3V. f=1MHz) 





- Output Capacitance (DQ1~DQ16) 


AC CHARACTERISTICS (°c <tTa<70°C, Von=3.3V+0.3V, See notes 1,2) 
(Test condition.: VIH/ViL=2.1V/0.8V, VoH/VoL=2.0V/0.8V, Output Loading CL=100pF) 


-7 -8 Ais 
Parameter Symbol Units} Notes 
— Min | max Min | Max 
+ 





Random read or write cycle time 





ai 
aioe 
| 


Read-modify-write cycle time : | 185 





Access time from RAS 


~ 
Oo 





Access time from CAS 


ie) 
oO 


il Koco es 
H 
oOo 
= 
£ 
So 
al 
tee) 
na br 
tL 





{| > 
ly 
[ete se 

fee] 

oS 

a 





| Access time from column address 
CAS to output in Low-Z 








Output buffer turn-off delay 



























































15 0 15} ns amt 7 
a. i 

Transition time (rise and fall) eal 3 50] ns 2 
pas : Sole tT 
RAS precharge time 5 60 ns | 
RAS pulse width 70 | 10,000 20 1 0,000 | af | 
RAS hold time 2 20 ns 
— $j 
CAS hold time 7 80 | | ns | 
ae ; a 
os puke wet aus 10,000} 20 | 10,000 | ns i) _ 
RAS to CAS delay time 20] 50; 20 | 60 | ons 4 | 
RAS to column address delay time 15 351 15 401 ns 11 
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AC CHARACTERISTICS (Continued) 









Symbol Units | Notes 





Parameter 








CAS to RAS precharge time 


Row address set-up time 











Row address hold time 





Column address set-up time 








Column address hold time 











Column address hold time referenced to RAS 








Column address to RAS lead time 














Read command set-up time 





Read command hold time referenced to CAS 








Read command hold time referenced to RAS 





Write command set-up time 





Write command hold time 





Write command hold time referenced to RAS 





Write command pulse width 








Write command to RAS lead time 
Write command to CAS lead time 
Data-in set-up time 

Data-in hold time 

Data-in hold time referenced to RAS 


Refresh period (Normal) 





Refresh period (L-version) 





Refresh period (F-version) 
CAS to W delay time 
RAS to W delay time 


Column address to W delay time 























CAS precharge to W delay time 

CAS set-up time (CAS-before-RAS refresh) 
CAS hold time (CAS-before-RAS refresh) 

RAS precharge to CAS hold time 

CAS precharge time (C-B-R counter test cycle) 























Access time from CAS precharge 











Fast Page mode cycle time 





Fast Page mode read-modify-write cycle time 








RAS pulse eidth (Fast page mode) 
RAS hold time from CAS precharge 
CAS precharge time (Fast page mode) 
RAS hold time referenced to OE 


see” 


. ELECTRONICS 
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CMOS DRAM 





AC CHARACTERISTICS (Continued) 


Parameter 


OE access time 
OE to data delay 








OE command hold time 
RAS pulse width (F-ver) 
RAS precharge time (F-ver) 
CAS hlod time (F-ver) 








Output buffer turn off delay time from OE 





ec 
ax 

ae aes 

ftoo | 15/ | 20 | [=| 
niof | 130) 


Sane ame sie 
eo [ao] To) ie 




















KM416V1200A/A-L/A-F Truth Table 


DQo9~DQi6 
Standby 








Refresh 





Lower Byte Read 





Upper Byte Read 














Word Read 
Lower Byte Write 


Upper Byte Write 


Don't Care 


[a [Bent Care 











Word Write 














renee 
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KM416V1200A/A-L/A-F CMOS DRAM 





brgare 


An initial pause of 20Qus is required after power-up followed by any 8 RAS-only or CAS-before-RAS refresh 
cycles before proper device operation is achieved. 

2. Virimin) and Vitimaxy are reference levels for measuring timing of input signals. Transition times are measured 
between Vit(min) and Vit(max) and are assumed to be 5ns for all inputs. 


3. Measured with a load equivalent to 1 TTL loads and 100pF. 

4. Operation within the tacpimax) limit insures that trac(max) Can be met. tacpimax) is specified as a reference point 
only. If tacp is greater than the specified trcpimax) limit, then access time is controlled exclusively by tcac. 

5. Assumes that taco2trcpimax)- 

6. tar, twor, toHrR are referenced to trapimax). 

7. torF(max) defines the time at which the output achieves the open circuit condition and is not referenced 


to Von or VoL. 

8. twcs, trwo, tewp and tawp are non restrictive operating aprameters. They are included in the data sheet as elec- 
trical characteristics only. If twcs2twcsimin) the cycle is an early write cycle and the data output will remain high 
impedance for the duration of the cycle. If tewo2tcwoimin), tawo2tRwoimin), tawo2tawpimin) then the cycle is a 
read-write cycle and the data output will contain the data read from the selected address. If neither of the above 
conditions are satisfied, the. condition of the data out is indeterminate. 

9. Either tacH or taRH must be satisfied for a read cycle. 

10. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in 
read-write cycles. 

11. Operation within the trapimax) limit insures that tracimax) can be met. tRapimax) is specified as a reference point 
only. If trap is greater than the specified trapimax) limit, then access time is controlled by taa. 

12. tasc, tcay are referenced to the earlier CAS falling edge. 

13. tcp is specified from the last CAS rising edge in the previous cycle to the first CAS falling edge in the next cycle. 

14. tcwp is referenced to the later CAS falling edge at word read-modify-write cycle. 

15. tcwr is specified from W falling edge to the earlier CAS rising edge. 


xXx 


ADD. OOS ON OE PERRI TRI 


sl 











16. tcsr is referenced to earlier CAS falling low before RAS transition low. 
17. tcHr is referenced to the later CAS rising high after RAS transition low. 


RAS 


LCAS 


UCAS 


tesr 





tour 
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18. tps, tou is independetly specified for lower byte Dini1~8), upper byte Dinig~16) 


LCAS 


UCAS 
0005 ORO PRE OOEOOLOLROOESOLLOXROOLVONY 
tos tou 
corroon POET 


a a av aS Bods QOir dss 


WwW 





TIMING DIAGRAMS 
WORD READ CYCLE 








t 
RAS : ‘AR 


torp trsH i : 

UGAS Vin — coe lead tcas } 

oO ae f_/ 

a : ) H 
Vin — YYXA tcas 7 Y 
rene Vi — Ky \\ f/f 
. en SOR AR gf — conan A ARIK RRR RRL) 
x 


vO aotrtss _) LK IKYS 














0 XXX 
















tary 


tacH 


Bivens 


=| 


Ve RRR 


Vic — YALA AN 


















LEKKI 


toez 


FE, RI 


LAZAZN as 





trac 
DQ,-DQi¢ —— OPEN 


tA) ; 
Noe = ras VALID DATA-OUT 
LZ 


ROY DON'T CARE 
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TIMING DIAGRAMS (Continued) 
LOWER BYTE READ CYCLE 


UCAS 


Vin — AVVYVYH 
mee Vi — Oy \ 
. tasr 


A 


=| 


O} 
m 


DQ,-DQg 


DQg-DQi¢ 














1, OO 




















Y 


on (A) COLUMN ge VAY, 
[ adtness QS ee Re YY 


1 SKN 


trap tacs tian 


eK 





Vin — _ Suni 


VAAN AN ANAT AN AN AN AW A, 








Viw— WVVYV VY VATA IATA, 7 7, WVV 
i RRO | KRY 


torr 





Vou — y 
OO OPEN XX) ( VALID DATA-OUT ) 


Vou — 


OPEN 
Vo. — 


UPPER BYTE READ CYCLE 


UCAS 


LCAS 


S| 


OE 


DQ,-DQs 


DQ_-DQis 


trac 


thas ne em 








tar 


tcre a d 
Vin — XXX t 
1H — CAS 


taec 
———— 


V YY ¥ ' 
{iH — 
XX) 
Vi — YW XX) tasr tasc toaH 
— Ui en ae 7 


YON a KOO SEE HORN 
Vii — AY OY = 


Ve RRR KROL 

















trrH 


ror ROOK 






AX 


torr 


Vite: Le tora 
‘ OPEN 
trac 


eo ta EX VALID DATA-OUT y 
toiz - 


RY DON’T CARE 
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TIMING DIAGRAMS (continued) 
WORD WRITE CYCLE (EARLY WRITE) 


tap 


fait tras pena 
RAS 1H 
Vit — 


tar 
tcrp 
7 
oer Ye iT a f_/ 
ere eth 
cme 
te 


tasr tran as 
KK 


a 
= \/ a \/ VY 
"ROME atts PRK BBR PRISER SSRI 
Va v YVYVV KN VY WV YY 
> RR Pearman 


eae meee 
YH XMKKKKKKXKK KKK mene ae COCCOOCCOTOOOOII TOOT ECO ee 
OE ve XXXXXXXXKXXKKAKAKAX AIA 
tox 


POO RRR vat oar PRIOR RRR 


LDAAADADBALDLS LALVINANAALANASS 








tasc 








tour 


LOWER BYTE WRITE CYCLE (EARLY WRITE) 
[eS Be eee 


tre 


t, 
tras Re 


Vin — 


ees 

RAS tar 
Vi — tore taec 
$f ae am 

oe Vi — aay | fash 

é tos 

Be OY tno - aw 

ate tasr tray | t [Ss aa tJ 

» MOT RS WON GER ORRRRERE amare 
ve DOK, ass PRON SBBRES OCOD 

——— X 
































— - Ver YYYYYVVYYY YX ¥ YY YYVYV YY YY YY VY VY 
ae OOO 
iS TIO I 
; . tou 
Vin — XY VSYVVVVVYVVYY é YVYVVVVYVYVYV XY VV Ver KVryyyryvryrv 
D006 IIIS veto Daren DOKI KOCK 
Danna SORKIN ICRC NOI CIR 


RY DON'T CARE 


om ee a 1142 


ELECTRONICS 





KM416V1200A/A-L/A-F CMOS DRAM 


TIMING DIAGRAMS (Continued) 
UPPER BYTE WRITE CYCLE (EARLY WRITE) 


LCAS 


=| 


DQ,-DQs 


DQo-DQi6 





tac 


tras 





Vin — 
Vii — 


tore sl ae i. 
= Wy) — = 
— we 
a aay 
RAD 


7 i “CAN adiolss | a XX x) 4 a SCRUM SRS AY XXXXX OG OA KO 
Vin — Ys V4 \ 
wee = IS 


twor 
tawL 


Vin — 


Va RK OY LE NCO tin eracading 
Me ORS nae SO DY000000 pee ssnaneasaasumaneas 


1 OOD ae SII KIS 


tour 


WORD WRITE CYCLE (OE CONTROLLED WRITE) 


‘DQy-DQig 


tac 


= tere al oe 
ia ey im 


me aa 























tray 
tasc 


: MEE BH ABER PARR RIKI 


Ve RSS RY ARRAN 

Ye RRR co ROO 

-- . a aes OOGtnenn 
| DON’T CARE 
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TIMING DIAGRAMS (continued) 
LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 








tre — 





tras trp 
Vin t 
RAS An 


a ‘a ——<- Ls 


Vin— AZ \A/ ‘e ae 
CCAS i: = 6 ‘se | [= —s Ao =o 


se | [oe 








Vin _ AX 


a aa er os CR OY 


Vin —~ iv, twe 4) 
WF KOOL UK 


ton 


00,b06 — : ROSOEK,. VALUE BATAAN I KK 


9m 16 
Vit 





RICKI IRI 


UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 


tac 
tras — tre 











Vin — 
RAS tar 
Vii 


tore 
oS == 
= 


a ee 
peas: OOO Fal 


trap L 
Vi — DONZS tasr [= 


; - — RN atortss PRONE SBonts PRO K RK REKKD 














7 RRR ERIS 
EA, RK OOOOY PR ursnranrnnnensansenes 
EGE tS OOOO TORE RRR RK 
eats . a EEK veto param DRO oe SOS 
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TIMING DIAGRAMS (Continued) 
WORD READ-MODIFY-WRITE CYCLE 


CMOS DRAM 


tawc 





tras trp 




































an = Vie =e t 
RAS — AR 
tore 
ee —— ——— a 
Vin — RXY tcas 
UCAS xy <a Fal 
ee ara = | | 
2 Vin — OE CAS 
LCAS () B 
Vi ¢ tasr 
a 
n You RDF ROW ARNG COLUM CX RRY REX RERRX RY REX REX ER ERR ANAK. 
OK 00 hess CIR RIK 
tawo tawe 
: tcwo towt 
w Vin — IIVVVV YN 
i‘ Vit — : KOON 
pa! twe 
Vin — TVYYVASAIIVYVVVV VY YN 
TE KOM a 
trac toez 
0000. yn wt CEE KN Mvatio vara inf 
t 


CLZ 


READ-MODIFY-LOWER-BYTE-WRITE CYCLE 
le 


























trwe 
: tras 
_ Vin 
RAS 
Vi tcrp 
ae | OV . 
ucas O°" OY tan 
— 
ee trsH 
Vin =m AY 
tcas "XA trap 


Vi — Y t 


> 
an 
a 


YX 


XY 


os GG Fe Co Na 


tcas 


a 


OK Os 


tawp 


KKK 


trwe 





A 
Se 
eS 


Ww Vi — 
Vil = 
Ce 
a Vin — POIVVVIVIVV VV VV VV ae 
FE, RR 
Ce ree 
coy Yor EX 
oe - ed & 
DQ g-DQi¢ a _ 





(VALID DATA OUT) 


tewp 


tow. 
ERR 


twe 


toep 


toez 


“ 
(| - 
QQVALID DATA:IN 
en, DON'T CARE 


OPEN 





ean aa 
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KM416V1200A/A-L/A-F CMOS DRAM 


TIMING DIAGRAMS (Continued) 
READ-MODIFY-UPPER-BYTE-WRITE CYCLE 


UCAS 


LCAS 


=I 


DQ;-DQg 


DQ¢-DQi¢ 








Vin — AF T | 
FE He 
se re 
Vin — X "4 / \/ \/ VASA A AAAS AA AALS AAAAA/ 
oO ——. eee RO KKH I 
tow 

— i mt AKKXXXXXD 

Nee OK 
















Wm LY ¥ YYYW{YY“@(JYW#@YW#WYW”@ XW ¥ YY 
FT OSA / 


Vio. 


te es ges 


2} s 
Vas ) (|VALID DATA OuT)) Or) 


teiz 


FAST PAGE MODE WORD READ CYCLE 


=| 


DQ,-DQi¢ 





trasp ; | 
Vin — 


tar trHce 


ans) Rol 
as rae f 
i, =oalls ae Fe pa 
vn OM SS OOM SSGRES DRO REBREES Ch Se 
ra] tRRH 
a 

















Vin — ee seer! Ee rWYVy 
en Oy see 







Vig — POSIT) toes 

We RR 

trac sh oe ga ee 

~o— Rott) Kota} 
torz 


teiz teiz 


RY DON'T CARE 


BSe 


AK XXX 


torr 





‘xX paraouT |) 
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TIMING DIAGRAMS continued) 
FAST PAGE MODE LOWER BYTE READ CYCLE 


trasp 






































RAS Vin — tea 
Vi — tine ; ( trec 
aes oy 
——— Vn Oi 
UCAS 
Vi — tise tasu 
—— Vin — JVY A teas 
CCAS ve wy \ ; _ a 
tase ee eae 
_ =y in en rane hac tral s 
A OOK RBS DREN SBbREES DRS aS ee 0 ee OK) 
No 
ol PT etre sabre [a 
a, Vin —- YO toga 
FE KET iSO BK 
t tcac arial amie te eh 
Wares “ DATA-OUT ale ran DATA-OUT 
: tez 
DGle DOs a OPEN 
Vo. — 


FAST PAGE MODE UPPER BYTE READ CYCLE 


RAS 


LCAS 


al 


DQ; -DQs 


DQ>-DQi6 





tar 


torp 





tray = 





RY oo 


OPEN 
Vo. — 
trac 


Vou 


OL 
texz 


t 
- ‘=.= 


= =e 


Satie 
\ YyV 
XXX 508) OX {sone | craimaaboal 


trasp 


truce 


foo 


cP 
tcas Lf 
Hiceae He 
| 


Es Bowie aie ian OO 
HF 






rea ADDRESS 
cau eee 


Boon 










RE | AR 
“ VALLEY AAS f\d\ 
eee “ 


Fae Mj VAL Py 
contain PRO { ontnour ) 


RR DON’T CARE 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE WORD WRITE CYCLE (EARLY WRITE) 


trasp tap 





Vin 
RAS me 
Vit — 


t 
‘gale ‘ | tce tcp 
sao 1H “~Y CAS 
UCAS i \ 
Vit — ra 
i tosh po a 
— tesex — tec I a 
rl 
Vin HE \ tcas i rs 
me eit el 
ft 
t 
yy 


tasr 


‘CSH 

Vin YN KY) Wr, 

4 ROW E a COLUMN COLUM Ly 
f vi ~ XX ee KRY OK COLUMN, | ia ac 


ADDRESS ae 8S copes DRO m ee 
COO By cm lan oni © | 


t 
tom ——4 asa om - 


=| 


TE RR KES XX KKK EER BR 


tou 


coco SBIR SE HOON aE HOM Sa HII 
toHR 
FAST PAGE MODE LOWER BYTE WRITE (EARLY WRITE) 
tage tre 
Vin — 
Vi 


tar 


RAS 


torp tapc 
Vin ~ YOAG 
UCAS ey, 


= yl” cal 
Vin — ba 1s \ tcas tcas tcas 
= = NS 4 
ts a 
malas = 


A mt, XxXy on POE ADDRESS Shey ts ON aboress:| iim on yh i Ks =D 





Vin — 
w EEE im id =i i) aid eee Oe 
Htom——| Fm tawe “tom 7 
OE ORK = RINT —— 
0106 SSSI, atin DESO, ontarnn DRO oataann DRS 


tour 


VY 





wae RRR KKK 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) 


trasp” 









































ae Vin — tar —l 
RAS Yok= , 
SRS REnRPCRS Go tec ic tec top 
Vi ZX Xz e\ tcas tcas 
UCAS \ _ XX) Y a) 
os BF ale 
Vin —- YY se CA, a La o™ i eee 7. VV) 
ap OO BON ROX Roorelss PX) ci COOL sebaves PREKYRKY 
= Vin = VY Y WY YY twp YY | aenyarl 
ae sama ian SRT CC SRRRRR 
= Vin — WYYVVV Te te YY 
FE I IOI IW OI OI IIS 
tox 
caso RRR Ss MOON HOM SE ROTTS 





toHR 


FAST PAGE MODE WORD READ-MODIFY-WRITE CYCLE 


trasp 


J a 















































































Vin _— tar - 
RAS a tone! S tesu - 
_ as 
Vin — VLAKA?Z ae tcas i toas 
UCAS Q 
Vi — AZ » : [/ 
tore) Le tosH ; = iss _.| 
Vv AY, 5 treo ae tcp Po t 
os Reh ay 
" tasr tray 
, | gy i bo 
SH — 7\7FVANY ROW COLUMN YYYYYY Y COLUMN YY YVYY YYVY YY YY VY YY 
* we RMN A008 PR aconess PROX. nonness POORER ROO 
trap 
twe 
0.000 
. Vo OOK x» tcwo ; y 
tawo 
1 tawo rr 
= Vin 
OE 
Vii 
be tra 
ee — ton 
; Vion — >, ( e) 6 YYVVVYNV 
cone Yo OC} _ OC) 4 
tev teiz 
a VALID DATA-OUT VALID DATA-IN a 





VALID DATA-OUT VALID DATA-IN 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE READ-MODIFY-LOWER-BYTE-WRITE CYCLE 


trasp tre 








Vi 
Vii — 


| RAS 


tcrp 


_— 





torr 











Vin — ACV¥9 tcas 

mm Fe Nt ve L/ 

VinH— ZY YYVYVYYVVYY VYYYYYYYVYVYYVYVYVY PYYY 
me OOK, A0o_ DX sooneds ROKK, Aooness PROX 


XA 





trap H 


ve ROKK 
ie KOO) _ | 
at ai] 


Vie toea 
. eal ST ee: Sif 
Vit a Hsbece “| _ 
oe i : ie 
fie tou 
tcac 
Da,-Da, YN" Ox) 48) tS Ot OX XXKX XK XK 





=| 














WY O 
Viiot y ROD A 
toiz teiz 
eee VALID DATA-OUT VALID DATA-IN VALID DATA-OUT VALID DATA-IN 
OH 
Vicor — 


FAST PAGE MODE READ-MODIFY-UPPER-BYTE-WRITE CYCLE 


, tre 
RASP 
Vi= as tar —_—- =a 
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KM416V1200A/A-L/A-F CMOS DRAM 


TIMING DIAGRAMS (Continued) 


RAS ONLY REFRESH CYCLE 
NOTE: W, OE=Don’t Care 


tac 


tras ; 


trp 
pag YN 
tore trec tcrp 
aa, wy, 


Vi — 


tcrp trec torp 


os wy, 
Vi — 


tasr tray 


vO ABRs ORR 





> 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Vin, OE, A=Don’t Care 


tac 


tras 





KS Vin — 
Med trec 
top 
tcsr ie 
Vin — VVYVYVVV VV YY YY YY VV YY VY 
UORS | ARR KEK KEK 
tcp 
tour WWIII IVI VV 
CS LEK KK 
DQ-Da., YT OPEN 
Vo. — 


KY DON’T CARE 
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KM416V1200A/A-L/A-F CMOS DRAM. 


TIMING DIAGRAMS (Continued) _ 
HIDDEN REFRESH CYCLE (READ) 


tre tac 





tras tre tras tre 
Vin — 


tar 
RAS Vir sas 
tore 
os N oe ae, 
. Vii — "4 
tore ; 
me igi: N [| 





tasr 





fee ted 
1 BN ae KN AS NRL IIIONT IRIN 
wv BERRRRRWY i SNL NN NOUN NNNN 
taa torr 
Ht TROL PIO NMCONNt 
carta Yom a. <= 


HIDDEN REFRESH CYCLE (WRITE) 
tac tre 


tras tap tras tre 
_ Va— t 
RAS ars 
Vii — 
‘cre i 


Vin — \ 
bid = 
Vin — tour 
LCAS Vi — ‘ 


UCAS y 
Lo 
tasr 
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-/yYyyY al Xx — YY YY ¥ ¥ YY Y YY VY VY VY VV OY YY VY VY 
eee eT ee SSSI KKK 
View — YYVVVVVV YY Vv sil PVA IYVWYVYWVYV VV ¥ YY VY VY YY VY VY 

XK TY ARAKI 


LL 


=| 
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—- Vim VY Y YY YY Y YY YYVV YY ¥ ¥ YY YY YY VYVYVY YY YY YY YY VV YY VV OY 
PR TUerGeersrstsrseTGieNsiseersraNeeecaersnsrsraneersraranerarararararornronaranen 


Vi — YAAA AALALBLA AALBSAABA A&A 
Vou — AVY YYVVV YYV Wi YIVVV vi 
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KM416V1200A/A-L/A-F CMOS DRAM 


TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE _ 


Vin tras 
Vir — 


my) 
n 


tept trsH 





tesr 
Vin — : 


vox YN 
Vi — 


aa L/ 
View tcsr : d 
COS \ i, 
v~ IEPRRRRRRRLERRARRERATN RXR KENY wl 
Wy. — AAA Rams DRIER 
READ CYCLE a fis sided 


4 ie 
We RRO, A 
ESR 


OS 
Vin — YYVVV V VV YYVVYVYVYVYVY VY 
By OX NE OOK 
pea 
Vou — v\ 


tcas 








O} 
m 





WRITE CYCLE a 
Vin — TAKA AIIIAIVV VIVA es YYYYYVYYYY YY VY VV 
WY ON | LO 
TE RRR I 


DS 





Vv -— 
DQ;-DQi6 ee ee (| VALID DATA-IN |) 
OL 
Ea on 


tawo 


READ-MODIFY-WRITE 


tewo tawe 


— Vui-— WIVVVVVVVVV VY VY VV VY OG Ly aaa VAAvAvAY 
* < RSEELEEEORRRRYF]— NA 
OF : a ah tox . 


torz tos ; 
VuoH rat KKK KX 
Pr Vg — OX PAM POCO 

VALID DATA-OUT VALID DATA-IN : 


on) DON’T CARE 
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KM416V1200A/A-L/A-F | CMOS DRAM 





PACKAGE DIMENSION 
42-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


1.070 (27.18) 0.025 (0.64) 
MIN 











1.080 (27.43) 


i 









0.395(10.03) 
0.405(10.29) 
0.435(11.05) 
 0.445(11.30) 
0.008(0.20) ; 
0.012(0.30) 
0.365(9.27) 
0.375(9.53) 






0.130(3.30) 
0.140(3.56) 


Glaccao) 


0.040 (1.02) 
MAX 


44-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 


26(23) ak oS. 
UU 











0.455(1 1.56) 
0.471(11.96) 
0.400(10.16) 


0.016(0.40) 
0.024(0.60) 






0.004(0.10) | 
0.010(0.25) 


0.047(1.20) 


Aleccwe-| 


0.036(0.925) | | 





0.00 MIN 
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0.010(0.34) | | 0.031(0.80) 
0.018(0.36) : 





KM416V1004A/A-L/A-F 


CMOS DRAM 





1M x 16 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES 


¢ Performance range: 











KM416V1004A-6/A-L6/A-F6 
KM416V1004A-7/A-L7/A-F7 
KM416V1004A-8/A-L8/A-F8 


stn [as | it] | 
rn [aos [tie | 
etn [as [tn | is | 


° Extended Data Out Mode 
(Fast Page Mode with Extended Data Out) 
» 2 CAS Byte/Word Read/Write operation 
« CAS-before-RAS refresh capability 
’« RAS-only and Hidden Refresh capability 
¢ TTL compatible inputs and outputs 
* Early write or output enable controlled write 
_¢ Triple +3.3V+0.3V power supply 
¢ Refresh Cycle 
- 4096 cycle/64ms (Normal) 
- 4096 cycle/128ms (L-version) 
~ 4096 cycle/128ms (F-version) 
+ JEDEC standard pinout 
* Available in plastic SOJ and TSOP(II) packages 

















FUNCTIONAL BLOCK DIAGRAM 









LCAS Control 
UCAS Clocks 
WwW 





VBB Generator 


GENERAL DESCRIPTION 


The Samsung KM416V1004A/A-L/A-F is a CMOS high 
speed 1,048,576 bit x 16 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, and high 
performance portable computers. 


The KM416V1004A/A-L/A-F features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 


The KM416V1004A/A-L/A-F is fabricated using 
Samsung's advanced CMOS process. 























= 
| fownsres ber] 


Ao~A11 


A0~A7 








Memory Array 
1,048,576 x 16 


Column Decoder 






- Lower 
Data out 
Buffer 














Cells 








DQs 
to 
DQis 






Upper 
Data out 
Buffer 


Sense Amps & IO 
=a 
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KM416V1004A/AL/ALL/ASL | - CMOS DRAM 





PIN CONFIGURATION (top views) 


« KM416V1004AJ_ « KM416V1004AT * KM416V1004AR 
10 Vss Vop 1° 1 Vpp 
2 DQi6 DQ: 2 2 DQ 
3 Das DQe 3 3 DQe 
4 DQi4 DQs 4 4 DQs 
5 Dds DQ, 5 5 DQs 
6 Vss Vpp 6 6 Vop 
DQs 7 7 DQs 
7 DQi2 DQs 8 8 DQs 
8 DQ11 DQ7 9 9 DQ7 
DQio DQs 10 10 DQs 
DQs N.C. 11 11 N.C. 
N.C. 
LCAS 
UGAS N.C N.C. 
OE N.C. N.C. 
Ww W 
Ag RAS RAS 
As Ant A 
A7 Ato 1 Aio 
As Ao 18 (0D Ao 
As Ai i9 0 AY 
As A2 20 {0 Az 
Vss A3 21-4 As 
Vop 22 (70) Vpp 





(TSOP(II)-Forword) (TSOP(II)-Reverse) 












Tes [Gens 
UCAS | uae coe ne Ss 
[Ets [Lower Cotann Adress tobe 
Ci [ Resse 
OE [ata output Enable 
veo [Powergen 
Cc. | Nocomecton 


9) B| 


= 
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KM416V1004A/A-L/A-F CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS* 






Parameter 






















Voltage on Any Pin Relative to Vss [ VIN, VOUT -0.5 to 4.6 
Voltage on Vpp Supply Relative to Vss Vop -0.5 to 4.6 V 
Storage Temperature Tstg -55 to+150 “C 



























Power Dissipation Pb 1 


Short Circuit Output Current 50 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 








los 











* 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, TA=0 to 70°C) 










Supply Voltage 








Ground 









Vpp+0.3 
0.8 






Input High Voltage 





























Input Low Voltage 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 








KM416V1004A-6/A-L6/A-F6 




















































































































































Operating Ci Current* 
; KM416V1004A-7/A-L7/A-F7 
(RAS, UCAS or LCAS, Address Cycling @trc=min.) KM416V1004A-8/A-L8/A-F8 mA 
KM416V1004A mA 
ISLC TC 5S-Wev KM416V1004AL mA 
~ ~ pie KM416V1004ALL mA 
she KM416V1004A-6/A-L6/A-F6 mA 
RAS-Only Refresh Current* 
Aa OSTA —— ; ; KM416V1004A-7/A-L7/A-F7 Icc3 mA 
(UCAS=LCAS=ViH, RAS, Address Cycling @trc=min.) KM416V1004A-8/A-L.8/A-F8 70 rn 
KM416V1004A-6/A-L6/A-F6 110 r mA 
EDO Mode Current* : 
pane on KM416V1004A-7/A-L7/A-F7 - 100 mA 
| S=M UCAS or LCAS, Address uycing @tPc=min.) KM416V1004A-8/A-L8/A-F8 90 aA 
KM416V1004A 1 mA 
Standby Current 
RAS- -TCAS-W_Vnn- KM416V1004AL - 300 LA 
(RAS=UCAS=LCAS=W=Vpp-0.2V) KM416V1004ALL 200 uA 
CAS-Before-RAS Refresh Current* eee oneal tte 20 es 
(RAS, UCAS or LCAS Cycling @trc=min) KM416V1004A-7/A-L7/A-F7 - 80 mA 
sacle acl aac a KM416V1004A-8/A-L8/A-F8 70 | mA 
Battery Back-Up Current, Average Power Supply Current, 
Battery Back-Up Mode, Input High Voltage(ViH)=Vpp-0.2V, 
input Low Voltage(ViL}=0.2V KM416V1004A-L 











UCAS, LCAS=0.2V 
Din=Don't Care, tRc=31.25ys (L_-Version) 
tras=tras min~300ns 
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DC AND OPERATING CHARACTERISTICS (Continued) 


(Recommended operating conditions unless otherwise noted) 








Parameter 


Self Refresh Current 


KM416V1004A/A-L/A-F CMOS DRAM | 
RAS-UCAS=LCAS=0.2V 


W=0E=Ao-A11=Vop-0.2V or 0.2V a 


| Symbol| Min | Max | Units | 
KM416V1004A-F Iccs 250 | HA 
DQ1-DQ16=Vpp-0.2V or 0.2V or Open 


Input Leakage Current | le) -10 10 

(Any input 0<Vin <Vop+0.3V, all other pins not under test=0 V) 

Output Leakage Current low 5 

(Data out is disabled, OV< Vout <Vop) i 10 a 
Output High Voltage Level. (loH=-2mA) | Vow | 24] - | Vv 
| - [os] v 


Output Low Voltage Level (lo.=2mA) ; VoL 


*NOTE: Icc1, Icc3, Icca and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, address can be changed maximum 
once while RAS=VIL. In Icc4, Address can be changed maximum once while one Hyper page mode cycle time 
tHPC. 











CAPACITANCE (Ta=25°C, Vop=3.3V. f=1MHz) 


Parameter Simbor [in [Max [Unit] 
Input Capacitance (Ao~11) ee ee ee se 
Input Capacitance (RAS, CCAS, UCAS, W, OE) ee ee es ee 
Output Capacitance (DQ1~DQi6) . zn ee ee ae pF 


AC CHARACTERISTICS (0°c<Ta<70°C, Vop=3.3V+0.3V, See notes 1,2) 
(Test condition : ViH/ViL=2.1V/0.8V, VoH/VoL=2.0V/0.8V, Output Loading CL=100pF) 


















Parameter 


2 
3 
> 
Sg 


Random read or write cycle time 
Read-modify-write cycle time 

Access time from RAS 

Access time from CAS 

Access time from column address 
CAS to output in Low-Z 

OE to output in Low-Z 

Output buffer turn-off delay from CAS 


os toe lo lo 
9 =e] =e] 


Ss 
N 


Ss. 
RN 


Transition time (rise and fall) 





RAS precharge time aaa a 
RAS pulse width . 


onal co oo Comal 
3 gs iatis 


RAS hold time | , 


CAS hold time tCSH 
CAS pulse width - | teas 10,000 10,000 10,000 
RAS to CAS delay time 45 | 50 | | 60| 
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KM416V1004A/A-L/A-F 





AC CHARACTERISTICS (Continued) 


s 
2 

‘ 
: 


on 





RAS to column address delay time | tran | 
CAS to RAS precharge time 








cc 


Row address set-up time 
Row address hold time | tran 


Column address set-up time 
Column address hold time 


Column address hold time referenced to RAS 








+ 
on 
b 
Len) 
p=] 

wn 

=— 


= 

oO 
= 
a 





— 
on 
Ss 
n 
— 
or 














Column address to RAS lead time tRAL 
Read command set-up time tRCS 
Read command hold time referenced to CAS tRCH 





Read command hold time referenced to RAS | tr 


Write command set-up time 





Write command hoid time 





o}— wo ha s]— —_ _ 
oOo }n oy | oO oO on 


Write command hold time referenced to RAS 





_ 


Write command pulse width 


ao ar ier [io 

ZiS |S \SlE 

Zils ig |ld {ss 

~~ DvD ixr io 

=—/4 |/rA ] oa oo };pia — — 
fan) ons;o!;n |o oO}n | ao fon) n1Ton 


- 
or 
= 
nN | D 
oj; 
on 
a 


= 
a 


i 
or on 


Write command to RAS lead time 


w 
oO 
_s 
foe} 


mM Tweets? | ola 
oO 1TO Ta Tnl{a Oo 


Writé command to CAS lead time tcwL 

Data-in set-up time 10,21 

Data-in hold time tr | 1o| | 15, | 15] | ns | 10,21 
| Data-in hold time referenced to RAS | 60] | ns | 6 








Refresh period (Normal) 64] ms 














18| | 128] ms 


Refresh period (L-version) 














Refresh period (F-version) 



















































CAS to W delay time tcwD an) — 3 8,17 

RAS to W delay time tRWD a I tee 
Column address to W delay time tawD i ee 
CAS precharge to W delay time tcpwo! 60 fie ail 
CAS set-up time (CAS-before-RAS refresh) tcsR 10 
CAS hold time (CAS-before-RAS refresh) tCHR 10 
RAS precharge to CAS hold time tRPC ws! 


CAS precharge time (C-B-R counter test cycle) tcPT 





RAS hold time referenced to OE tROH 





ua pi 


OE to data delay ~ tOED 15 20 20 ns 


Output buffer turn off delay time from OE tOEZ 3 15 3 20 3 20] ns 7 
OE command hold time tOEH 15 20 ns 
Access time from CAS precharge | tCPA ee) 45) ns 3 
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OE access time tOEA 











— 1P 
o);o | on 





























KM416V1004A/A-L/A-F | | CMOS DRAM 





AC CHARACTERISTICS (Continued) 





























































































































-6 -7 -8 
Parameter Symbol 

Hyper Page mode cycle time tHPC 24 — 29 | | 34 fey 
Hyper Page mode read-modify-write cycle time tHpRwC | 76 81 | | 91 
CAS precharge time (Hyper page mode) tcp 10 10 — ns 16 
RAS pulse width (Hyper Page mode) tRASP 60 70 80 ns 

| RAS hold time from CAS precharge | tRHCP | 35 45 ns 
Output data hold time {DOH | ae il 5 ns 
Output buffer turn off delay from RAS tREZ 15 3 20 3 20] ns 7,14 
Output buffer turn off delay from WwW twez 3 15 3 20 3 20; ns 7 
OE to CAS hold time tocH 5 5 ns 
CAS hold time to OE | tcHO 5 5 ns 
OE precharge time : toeP 5 5 ns 
W pulse width 5 5 ns 
W to data delay . 15 20 20 ns 
RAS pulse width (F-ver) | taass| 100] . | 100 100 ws | 13 
RAS precharge time (F-ver) taps | 110] | 130 150 ns 13 
CAS hlod time (F-ver) | so{ | -sof | 80 ns | 13 











DQ:1~DQs 


DQo~DQi6 STATE 































































































































DQ-IN Word Write 


HI-Z 















H X X X HI-Z HI-Z Standby 

L H H x HI-Z HI-Z Refresh 

L L H L . DQ-OUT HI-Z ' Lower Byte Read 
L H 5 L HI-Z DQ-OUT Upper Byte Read 
L L L L DQ-OUT DQ-OUT Word Read 

L L H H DQ-IN Don't Care Lower Byte Write 
L H ole H- Don't Care Upper Byte Write 
L L L H 

L L L H 
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CMOS DRAM 





NOTES 


1. 


ph 


An initial pause of 200us is required after power-up 


followed by any 8 ROR or CBR cycles before proper 


device operation is achieved. 


. VIH(min) and ViL(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 
assumed to be 5ns for all inputs. 

Measured with a load equivalent to 1TTL Loads 
and 100pF. 


. Operation within the tRcp(max) limit insures that 


trRac(max) can be met. tRcp(max) is specified as a 
reference point only. If tacb is greater than the 
specified trcp(max) limit, then access time is 
controlled exclusively by tcac. 

Assumes that tRcbd >tRCD (max). 

tar, twcr, tbHR are referenced to tRaD(max). 

This parameter defines the time at which the 


‘output achieves the open circuit condition and is 


not referenced to VoH or VoL. 


. twcs, tRwbD, tcwD and tawpD are-non restrictive 


Operating parameters. They are included in the 
data sheet as electrical characteristics only. If twcs 
>twes(min) the cycle is an early write cycle and 
the data output will remain high impedance for the 
duration of the cycle. If tcwo >tcwp(min), tRwo> 
trwp(min) and tawp >tawo(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRcH or tRRH must be satisfied for a read 


cycle. 


lal: 


12. 


13 


14. 


15. 


16. 


17. 


18. 


"49. 


20. 


21. 


. These parameters are referenced to the CAS 


leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the tRaD(max) limit insures that 
tRac(max) can be met. tRAD(max) is specified as a 
reference point only. If trap is greater than the 
specified traD(max) limit, then access time is 
controlled by taa. 

tasc >tcp min, Assume tT=2.0ns. 


. 4096 cycle of burst refresh must be executed 


within 16ms before and after self refresh, in order 
to meet refresh specification (F-version) 

If RAS goes to high before CAS high going, the 
open circuit condition of the output is achieved by 
CAS high going. If CAS goes to high before RAS 
high going, the open circuit condition of the output 
is achieved by RAS high going. 

tasc, tCAH are referenced to the earlier CAS falling 
edge. 

tcp is specified from the last CAS rising edge in the 
previous cycle to the first CAS falling edge in the 
next cycle. 

two is referenced to the later CAS falling edge at 
word read-modify-write cycle. 

tcw is specified from W falling edge to the earlier 
CAS rising edge. 
tcsr is referenced to earlier CAS falling low before 
RAS transition low. 

tcHR is referenced to the later CAS rising high after 
RAS transition low. 

tos, tbH is independetly specified for lower byte Din 
(1~8), upper byte Din@g~16) 
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 KM416V1004A/A-L/A-F 


CMOS DRAM 


TIMING DIAGRAM 
WORD READ CYCLE 
NOTE : Din = OPEN 
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KM416V1004A/A-L/A-F CMOS DRAM 


TIMING DIAGRAM 
LOWER BYTE READ CYCLE 
NOTE : Din = OPEN 
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KM416V1004A/A-L/A-F 


~CMOS DRAM 


TIMING DIAGRAM > 
UPPER BYTE READ CYCLE 
NOTE : Di = OPEN | 


pai ~ pas Y™ 
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KM416V1004A/A-L/A-F 


CMOS DRAM __ 


WORD WRITE CYCLE (EARLY WRITE ) 
NOTE : Dour= OPEN 
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‘CMOS DRAM 


LOWER BYTE WRITE CYCLE (EARLY WRITE ) 
NOTE : Dour = OPEN 
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KM416V1004A/A-L/A-F CMOS DRAM 


.UPPER BYTE WRITE CYCLE (EARLY WRITE ) 
NOTE : Dout = OPEN 
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WORD WRITE CYCLE (OE « CONTROLLED ae 
NOTE : Dou = OPEN 
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PACKAGE DIMENSION 
42-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


0.025 (0.64) 
MIN 


1.070 (27.18) 
1.080 (27.43) 








1 










mle aS os | 
21d —~— | 
a|ln 0]? e|e ale 

ea es y 10 
cic ele clo 2/2 
wo oH ala Bie 
Mio ol<t Ol-) alo 
Qt +1 6|o a pee 
C190 Slo c/o P/F 


t—J 





0.130(3.30) 
0.140(3.56) 


TILILILILILILILJILILILJLJLILILILIL. 
| | 0.026(0.66) 
0.030(0.76) 





WAR ARMA AR AR AA AANA ANAND 
a | es a 


\a 


0.040 (1.02) 
MAX 


44-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 


26(23) aR Oe 
UT) 






0.455(11.56) 
0.471(11.96) 
0.400(10.16) 


0.016(0.40) 
0.024(0.60) 






0.004(0.10) | 
0.010(0.25) 







0.841(21.35) MAX 


0.047(1.20) 


0.821(20.85) 
0.829(21.05) 











[J 0.00400.1) | wefan fajagajajaga ja] s) nj mena jajajejejalsjajalale 


0.036(0.925) | 0.010(0.34) | | 0.031(0.80) 
0.018(0.36) TYP 
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7M x 16 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES 


* Performance range: 


P| trac | tone | tre | tree | 
KM416V1204A-6/A-L6/A-F6 | 60ns | 17ns | 110ns| 24ns | 
KMA16V12044-7/A-L7/A-F7 | 7Ons | 20ns | 130ns | 29ns | 
KM416V1204A-B/A-L8/A-F8 | 80ns | 20ns | 150ns| 34ns 


« Extended Data Out Mode 
(Fast page Mode with Extended Data Out) 
+ 2 CAS Byte/Word Read/Write operation 
« CAS-before-RAS refresh capability 
« RAS-only and Hidden Refresh capability 
¢ TTL compatible inputs and outputs 
¢ Early write or output enable controlled write 
* Triple +3.3V+0.3V power supply 
« Refresh Cycle 
- 1024 cycle/16ms (Normal) | 
- 1024 cycle/128ms (L-version) 
- 1024 cycle/128ms (F-version) 
¢ JEDEC standard pinout 
* Available in plastic SOJ and TSOP(II) packages 







FUNCTIONAL BLOCK DIAGRAM 









Control 
Clocks - 

















Refresh Control 
Refresh Counter 
| .] Row Address Buffer 


Col. Address Buffer 


Ao~AQ 


Ao~AQ 


VBB Generator 


- VoD 


Column Decoder 


GENERAL DESCRIPTION 


The Samsung KM416V1204A/A-L/A-F is a CMOS high 
speed 1,048,576 bit x 16 Dynamic Random Access 
Memory. Its design is optimized for high performance 
applications such as personal computer, and high 
performance portable computers. 


The KM416V1204A/A-L/A-F features EDO Mode 
operation which allows high speed random access of 
memory cells within the same row. CAS-before-RAS 
refresh capability provides on-chip auto refresh as an — 
alternative to RAS-only refresh. All inputs and outputs 
are fully TTL compatible. 


The KM416V1204A/A-L/A-F is fabricated using 
Samsung's advanced CMOS process. 
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PIN CONFIGURATION (Top Views) 


* KM416V1204AJ 


° 





¢ KM416V1204AT 











 KM416V1204AR 





1 Vop 1 ° 44 Vss 1 VDD 
2 DQ 2 DQi6 2 DQ 
3 DQ2 3 DQis 3 DQe2 
4 DQs 4 DQu4 4 DQs3 
5 DQs4 5 DQi3 5 DQ4 
6 Vop 6 Vss 6 Voo 
DQs 7 DQi2 7 DQs 
7 DQs> 1] 8 DQ 8 I DQ. 
6 DQ7 14] 9 DQr0 9 Em bar 
DQs 10 DQo 10 DQs 
N.C. 11 N.C. 1t N.C. 
N.C. N.C. N.C. 
N.C. LCAS N.C. 
WwW UCAS Ww 
RAS OE RAS 
N.C Ag N.C 
N.C As N.C 
Ao Az Ao 
Ai Aé Al 
A2 As A2 
A3 A4 A3 
Vpp | Vss VDD 
(SOu) 
(TSOP(II)-Forword) (TSOP(I!)-Reverse) 
Pin Function 
Address Inputs 
Data In/Out 
vs | Grund 
Row Address Strobe 
| UCAS | Upper Column Address Strobe 
| CCAS | Lower Column Address Strobe 
|w Read/Write Input 
| OE Data Output Enable 
| Voo | Power(+3.30) 
LNc. | Noconnection 
1191 
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ABSOLUTE MAXIMUM RATINGS* 


(Parameter «Yb «SSC 


Voltage on Any Pin Relative to Vss VIN, VOUT -0.5 to 4.6 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 





















Voltage on Vpp Supply Relative to Vss 







Storage Temperature 
Power Dissipation 
Short Circuit Output Current 





* 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 










Parameter 
Supply Voltage 
Ground 
Input High Voltage 








Input Low Voltage 


DC AND OPERATING CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 




























































Operating Current” KM416V1204A-6/A-L6/A-F6 150 mA 

aR ORES . : KM416V1204A-7/A-L7/A-F7 Icc1 - 140 mA 

(RAS, UCAS or LCAS, Address Cycling @trc=min.) KM416V1204A-8/A-L8/A-F8 430 ane 
KM416V1204A 2 mA 1 

Standby Current 

ee TA TARE UT KM416V1204A-L Icc2 - 1 mA 

hapa daiarep en mii KM416V1204A-F 1 | mA 

BAG KM416V1204A-6/A-L6/A-F6 150 mA 

RAS-Only Refresh Current* 

——— a . . KM416V1204A-7/A-L7/A-F7 Icc3 - 140 mA 

(UCAS=LCAS=Vin, RAS, Address Cycling @trc=min.) KM416V'1204A-8/A-L8/A-E8 130 rnd 
KM416V1204A-6/A-L6/A-F6 120 mA 

EDO Mode Current* 

— oR ae ; : KM416V1204A-7/A-L7/A-F7 110 mA 

(RAS=ViL, UCAS or LCAS, Address Cycling @tec=min.) KM416V1204A-8/A-L8/A-F8 400 ak 
KM416V1204A 1 mA 

Standby Current 

EE 3 a. KM416V1204A-L 300 LA 

(RAS=UCAS=LCAS=W=Vop-0.2V) KM416V1204A-F 500 un 

ARE we 4 KM416V1204A-6/A-L6/A-F6 150 mA 

BS GONG ow LHS Cre ae ’ KM416V1204A-7/A-L7/A-F7 | — Icce 140 | mA 

: Pea eae KM416V1204A-8/A-L8/A-F8 130 | mA 
L 

Battery Back-Up Current, Average Power Supply Current, 

Battery Back-Up Mode, Input High Voltage(Vin)}=Vop-0.2V, 

Input Low Voltage(Vit)=0.2V KM416V1204A-L Icc7 350 HA 

UCAS, CCAS=0.2V 





Din=Don't Care, trc=125us (L-Ver) 
tRAS=tRAS min~300ns 
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DC AND OPERATING CHARACTERISTICS (Continued) 


(Recommended operating conditions unless otherwise noted) 


Parameter Symbol | Min | Max | Units 


Self Refresh Current 
RAS-=UCAS=LCAS=0.2V 
W=0E=A0-Ag=Vpp-0.2V or 0.2V 
DQ1-DQ16=Vop-0.2V or 0.2V or Open 











KM416V1204A-F 












Input Leakage Current 
(Any input 0<Vin <Vop+0.3Y, all other pins not under test=0 V) 


Output Leakage Current | 
(Data out is disabled, OV<VouT<Vpp) ; 











Output High Voltage Level (loH=-2mA) 











Output Low Voltage Level (loL=2mA) 


“NOTE: Icc1, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, address can be changed maximum 
once while RAS=ViL. In Icc4, Address can be changed maximum once while one Hyper page mode cycle time 
tHPC. 


CAPACITANCE (1a=25°C, Voo=3.3V. f=1MHz) 





Output Capacitance (DQ1~DQié6) 


AC CHARACTERISTICS (°c<ta<70°C, Von=3.3V+0.3V, See notes 1,2) 
(Test condition : Vin/ViLt=2.1V/0.8V, VoH/VoL=2.0V/0.8V, Output Loading CL=100pF) 





Parameter 


Random read or write cycle time 





Read-modify-write cycle time 





Access time from RAS 80] ns | 3,4,11 
20 ns 3,4,5 


40; ns | 311 | 





Access time from CAS 





Access time from column address 









































CAS to output in Low-Z ns 3 

OE to output in Low-Z ns 3 | 
Output buffer turn-off delay from CAS 20] ns 7,14 
Transition time (rise and fall) 50] ns 2 
RAS precharge time as 

RAS pulse width 10,000 ; 10,000} ns 

RAS hold time = ns 

CAS hold time ns 

CAS pulse width 10,000 10,000 | ns 

















RAS to CAS delay time 60 4 
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AC CHARACTERISTICS (Continuea) 





ee sr a [ww [wa] n° 
RAS to column address delay time | tao | 15{ 30 15; 35] 15| 40| ns | a1 | 
CAS to RAS precharge time fee | s| | si} | si ts | 
Row address set-up time fuse | of | of | of rs | 
Row address hold time lta | tof | tof | 10 | ns | | 
Column address set-up time lsc | of | of | of fons | 15 | 
Column address hold time tCAH | to] =| ts} Ss] ts] dos | ts 
Column address hold time referenced to RAS }tra | 45{ | 55} | oo] | om] 6 | 
Column address to RAS lead time tRAL | 30] | 35f | al [oa] | 
Read command set-up time tRCS a a es ee ae ee 
Read command hold time referenced to CAS | tas | of | of | of | om] 9 | 
Read command hold time referenced to RAS tRRH ae Er Saree 


Write command set-up time twcs | of | of | of [os] s | 
Write command hold time twcH | 1] | 5) | wl Jorn] | 
Write command hold time referenced to RAS twcr | a5{ | soi | s5| [ns | 6 | 
Write command pulse width ‘we | tol | asf [| a5) [os] | 
Write command to RAS lead time a eee 
Write command to CAS lead time tow. 2 
Data-in set-up time fs | of | of | of ns | toa | 
Data-in hold time tw | tof | sf | | ns | t0.21 | 
Data-in hold time referenced to RAS a eee 
Refresh period (Normal) tREF | te] | te] ms | 
Refresh period (L-version) tREF oe Pars ms | | 
Refresh period (F-version) tREF 128 ms |_| 
CAS to W delay time tcwp = _ eeesoetal 
RAS to W delay time tRwo 105 ie 

Column address to W delay time 65 Saat 
_| CAS precharge to W delay time tcPwD | 60. 65 70 | | 

10 


CAS set-up time (CAS-before-RAS refresh) tcsR 


CAS hold time (CAS-before-RAS refresh) Pex [oo] [af | | ns | 20 | 
RAS precharge to CAS hold time Bee o5| | nm] | 
CAS precharge time (C-B-R counter test cycle) tcPT 20 30 | of ns | 
RAS hold time referenced to OE 20 


OE access time 


|| 
OE to data delay eee 
Output buffer turn off delay time from OE tOEz 

im 








_ 
foe) 






































OE commend hold time | toe | 


Access time from CAS precharge 
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AC CHARACTERISTICS (Continued) 


pie TL 


[Hyper Pagemadecycletime =| tro | 24] | zo] | | | os | 2 
Hyper Page mode read-modiy-wrte cycietime | tec] 76| | ai| | 9t| | 
[CAS orcgargetime (Hyper page mode) | tow | 10) | 10] | tof ns 
[RAS pulse width Hyper page mode) | trase | 60| 200000] 70 | o0n000| 80 | 20.000 | ns _ 
rece | 35] | 
[Outputdatahoidtime | too || 
3 
t 





Output data hold time 

[Output buffertum off delay fom AAS | trez | 
[Output buffertum off delay fromW | twez | 3| 18 | 
Wrodstadsay | te | 15] 
JOEtoCASholdtme =| to || 
ih II 
[OE prechagetime | toe 
RAS pulse width (F-ver) 


ns | 
|e | 
js 
ns | 
| s_| 
oe [ns | 
| 5 ns | 
ae ns | 
Wouse with tre |S 

| 100 | 

| 110 | 

50 





[ns _| 
js | 13 


—_ | —, 
nlo 
oOo j;O on 


__|RAS precharge time (F-ver) 
CAS hiod time (F-ver) 


KM416V1204A/A-L/A-F Truth Table 
LCAS 


-50 


—_ | 
@olo 
oOo |o ao 







[pan [Dont care | Lower te write | 
[Bont cae | _0G-N | Upper Byte we | 
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KM416V1204A/A-L/A-F 


CMOS DRAM 





NOTES 


1. 


NOG 


An initial pause of 200#s is required after power-up 


followed by any 8 ROR or CBR cycles before proper 


device operation is achieved. 


. Vin(min) and ViL(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 
assumed to be 5ns for all inputs. 

Measured with a load equivalent to 1TTL Loads 
and 100pF. 


. Operation within the trcp(max) limit insures that 


tRac(max) can be met. trcp(max) is specified as a 
reference point only. If tacp is greater than the 
specified trcp(max) limit, then access time is 
controlled exclusively by tcac. 

Assumes that trcp >trRcb (max). 

tar, twcR, tbHR are referenced to tRap(max). 

This parameter defines the time at which the 
output achieves the open circuit condition and is 
not referenced to Vou or VoL. 


. twcs, tRwD, tcwpd and tawop are non restrictive 


operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs> 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo>tcwo(min), tRwo> 
trwo(min) and tawp>tawp(min), then the cycle is a 
read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read 


cycle. 


10 


11. 


12. 
13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


. These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the trap(max) limit insures that 
trac(max) can be met. trRaD(max) is specified as a 
reference point only. If trap is greater than the 
specified trap(max) limit, then access time is 
controlled by taa. 

tasc >tcp min, Assume tT=2.0ns. 

1024 cycle of burst refresh must be executed 
within 16ms before and after self refresh, in order 
to meet refresh specification (F-version) 

If RAS goes to high before CAS high going, the 
open circuit condition of the output is achieved by 
CAS high going. If CAS goes to high before RAS 
high going, the open circuit condition of the output 
is achieved by RAS high going. 

tasc, tcAH are referenced to the earlier CAS falling 
edge. 

tcp is specified from the last CAS rising edge in the 
previous cycle to the first CAS falling edge in the 
next cycle. 

tcwp is referenced to the later CAS falling edge at 
word read-modify-write cycle. 

tcwL is specified from W falling edge to the earlier 
CAS rising edge. 

tcsr is referenced to earlier CAS falling low before 
RAS transition low. 

tcHR is referenced to the later CAS rising high after 
RAS transition low. 

tos, toH is independetly specified for lower byte Din 
(1-8), upper byte Dinig~16) 
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KM48V8000 


ADVANCED 
CMOS DRAM 





8M x 8 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


¢ Performance range: 


te ene [| 


KM48V8000-5 
KM48V8000-6 
KM48V8000-7 


¢ Fast Page Mode operation 

« CAS-before-RAS refresh capability 

« RAS-only and Hidden Refresh capability 

- Fast parallel test mode capability 

* TTL compatible inputs and outputs 

¢ Early write or output enable controlled write 

¢ 3.3V+0.3V power supply 

* 8192 cycles/128ms refresh 

« JEDEC standard pinout 

¢ Available in plastic SOJ and TSOP(II) packages. 





FUNCTIONAL BLOCK DIAGRAM 
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GENERAL DESCRIPTION 


The Samsung KM48V8000 is a high speed CMOS 8, 
388,608 bit x 8 Dynamic Random Access Memory. Its 
design is optimized for high performance applications 
such as mainframes, mini computers, graphics and 
high performance portable computers. 


The KM48V8000 features Fast Page Mode operation 
which allows high speed random access of memory 
cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM48V8000 is fabricated using Samsung's 
' advanced CMOS process 
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KM48V8004 


ADVANCED 
CMOS DRAM 





8M x 8 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES 


_¢ Performance range: 








KM48V8004-7 


+ Fast Page Mode operation with Extended data out 
« CAS-before-RAS refresh capability 

+ RAS-only and Hidden Refresh capability 

- Fast parallel test mode capability 

* TTL compatible inputs and outputs 

¢ Early write or output enable controlled write 

° 3.3V+0.3V power supply 

* 8192 cycles/128ms refresh 

« JEDEC standard pinout 

« Available in plastic SOJ and TSOP(II) packages. 
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GENERAL DESCRIPTION 


The Samsung KM48V8004 is a high speed CMOS 8, 
388,608 bit x 8 Dynamic Random Access Memory. Its 
design is optimized for high performance applications 
such as mainframes, minicomputers, graphics and high 
performance portable computers. 


The KM48V8004 features EDO Mode operation which 
allows high speed random access of memory cells 
within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM48V8004 is fabricated using Samsung's 
advanced CMOS process. 
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KM48V8100 


ADVANCED 
CMOS DRAM 





8M x 8 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


- Performance range: 


KM48V8100-5 
KM48V81 00-6 
KM48V8100-7 


[strs [e | ots 
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- Fast Page Mode operation 

- CAS-before-RAS refresh capability 

- RAS-only and Hidden Refresh capability 

¢ Fast parallel test mode capability 

¢ TTL compatible inputs and outputs 

¢ Early write or output enable controlled write 

¢ 3.3V+0.3V power supply 

* 4096 cycles/64ms refresh 

¢ JEDEC standard pinout 

« Available in plastic SOJ and TSOP(II) packages. 
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GENERAL DESCRIPTION 


The Samsung KM48V8100 is a high speed CMOS 8, 
388,608 bit x 8 Dynamic Random Access Memory. Its 
design is optimized for high performance applications 
such as mainfremes, minicomputers, graphics and high 
performance portable computers. 


The KM48V8100 features Fast Page Mode operation 
which allows high speed random access of memory 
cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM48V8100 is fabricated using Samsung's 
advanced CMOS process. 
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KM48V8104 


ADVANCED 
CMOS DRAM 





8M x 8 Bit CMOS Dynamic RAM with Extended Data Out 


FEATURES 


* Performance range: 


KM48V8104-5 
KM48V8104-6 
KM48V8104-7 


rans | tm | Tim | 2s | 
[rons [70 | 1308 | 2 


« Fast Page Mode operation with Extended data out 
- CAS-before-RAS refresh capability 

* RAS only and Hidden Refresh capability 

’e Fast parallel test mode capability 

* TTL compatible inputs and outputs 

« Early write or output enable controlled write 

* 3.3V+0.3V power supply 

« 4096 cycles/64ms refresh | 

« JEDEC standard pinout 

¢ Available in plastic SOJ and TSOPi(II) packages. 
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GENERAL DESCRIPTION 


The Samsung KM48V8104 is a high speed CMOS 8, 
388,608 bit x 8 Dynamic Random Access Memory. lts 
design is optimized for high performance applications 
such as mainframes, minicomputers, graphics and high 
performance portable computers. 


The KM48V8104 features EDO Mode operation which 
allows high speed random access of memory cells 
within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM48V8104 is fabricated using Samsung's 
advanced CMOS process. 
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SAMSUNG SEMICONDUCTOR SALES OFFICES-U.S.A. 





Northwest 
3655 North First Street 
San Jose, CA 95134 
TEL: (408) 954-7000 
FAX: (408) 954-7883 


Southwest 


16253 Laguna Canyon Road 


Suite 100 

Irvine, CA 92718 
TEL: (714) 753-7530 
FAX: (714) 753-7544 


North Central 
300 Park Boulevard 


Suite 210 


ltasca, IL 60143-2636 
TEL: (708) 775-1050 


Northeast 
119 Russell Street 
Littleton, MA 01460 
TEL: (508) 486-0700 
FAX: (508) 486-8209 


FAX: (708) 775-1058 


South Central 
15851 Dallas Parkway 


Suite 410 


Dallas, TX 75248-3307 
TEL: (214) 770-7970 
FAX: (214) 770-7971 


Southeast 
802 Greenvalley Road 
Suite 204 
Greensboro, NC 27408 
TEL: (919) 370-1600 
FAX: (919) 370-1633 





SAMSUNG SEMICONDUCTOR REPRESENTATIVES 





ALABAMA 


SOUTHERN COMPONENT SALES 


307 Clinton Ave. East 

Suite 413 

Huntsville, AL 35801 
ARIZONA 

O'DONNELL ASSOCIATES 

2432 W. Peoria Ave. 

Suite 1026 

Phoenix, AZ 85029 

O'DONNELL ASSOCIATES 

11449 N. Copper Springs Trail 

Tucson, AZ 85737 


CALIFORNIA 
BESTRONICS 
9683 Tierro Granda Street 
Suite 102 
San Diego, CA 92126 
I-SQUARED 
3355-1 Scott Blvd. 
Suite 102 
Santa Clara, CA 95054 
WESTAR REP COMPANY 
15265 Alton Parkway 
Suite 400 
Irvine, CA 92718 
WESTAR REP COMPANY 
26500 Agoura Rd. 
Suite 204 
Calabasas, CA 91302 
CANADA 
INTELATECH, INC. 
275 Michael Copeland Drive 
Kanata, Ontario K2M 2G2 
INTELATECH, INC. 
3700 Griffith Street 
Suite 93 
St. Laurent, Quebec H4T 1A7 
INTELATECH, INC. 
§525 Orbitor Drive 
Suite 2 
Mississauga, Ontario L4W4Y8 


TEL: (205) 533-6500 
FAX: (205) 533-6578 


TEL: (602) 944-9542 
FAX: (602) 861-2615 


TEL: (602) 797-2047 
FAX: (602) 797-2047 


TEL: (619) 693-1111 
FAX: (619) 693-1963 


TEL: (408) 988-3400 
FAX: (408) 988-2079 


TEL: (714) 453-7900 
FAX: (714) 453-7930 


TEL: (818) 880-0594 
FAX: (818) 880-5013 


TEL: (613) 762-8014 
FAX: (613) 253-1370 


TEL: (514) 343-4877 
FAX: (514) 343-4355 


TEL: (905) 629-0082 
FAX: (905) 629-1795 





COLORADO 
FRONT RANGE MARKETING TEL: (303) 443-4780 
3100 Arapahoe Road FAX: (303) 447-0371 
Suite 404 
Boulder, CO 80303 

FLORIDA 
B/B TECH SALES 
3900 N.W. 79th Avenue 
Suite 636 
Miami, FL 33166 

_DYNE-A-MARK 
500 Winderley Place 
Suite 110 
Maitland, FL 32751 
DYNE-A-MARK 
3355 N.W. 55th Street 
Fort Lauderdale, FL 33309 
DYNE-A-MARK 
742 Penguin Ave., NE 
Palm Bay, FL 32905 


TEL: (305) 477-0341 
FAX: (308) 477-0343 


TEL: (407) 660-1661 
FAX: (407) 660-9407 


TEL: (305) 485-3500 
FAX: (305) 485-6555 


TEL: (407) 725-7470 
FAX: (407) 984-2718 


DYNE-A-MARK TEL: (813) 345-9411 
7884 Tent Avenue S FAX: (813) 345-3731 
St. Petersburg, FL 33707 

GEORGIA 


SOUTH ATLANTIC COMPONENT SALES 
3300 Holcomb Bridge Road TEL: (404) 447-6154 
Suite 210 FAX: (404) 447-6714 
Norcross, GA 30092 
ILLINOIS 
DAVIX INTERNATIONAI. LTD. 
1655 N. Arlington Heights Rd. 
Suite 204East 
Arlington Heights, iL 60004 
INDIANA 
GEN Il MARKETING, INC. 
31 E. Main Street 
Carmel, IN 46032 
GEN Il MARKETING, INC 
1415 Magnavox Way 
Suite 130 
Ft. Wayne, IN 46804 


TEL: (708) 259-5300 
FAX: (708) 259-5428 


TEL: (317) 848-3083 
FAX: (317) 848-1264 


TEL: (219) 436-4485 
FAX: (219) 436-1977 
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES (Continued) 





IOWA 
ASSOCIATED ELECTRONIC MARKETERS, INC. 
4001 Shady Oak TEL: (319) 377-1129 
Marion, 1A 52302 FAX: (319) 377-1539 


KANSAS 
ASSOCIATED ELECTRONIC MARKETERS, INC. 
8843 Long St. TEL: (913) 888-0022 
Lenexa, KS 66215 FAX: (913) 888-4848 
KENTUCKY 
GEN It MARKETING, INC. TEL: (502) 894-9903 
4012 Dupont Circle FAX: (502) 893-2435 
Suite 414 


Louisville, KY 40207 


MASSACHUSETTS 
NEW TECH SOLUTIONS, INC. TEL: (617) 229-8888 
111 South Bedford Street FAX: (617) 229-1614 
Suite 102 
Burlington, MA 01803 
MICHIGAN 
MICROTECH SALES 
9357 General Drive 
Suite 116 
Plymouth, MI 48170 
MINNESOTA 
GP SALES, INC. 
7600 Parklawn 
Suite 315 
Edina, MN 55435 
MISSOURI 
ASSOCIATED ELECTRONIC MARKETERS, INC. 
11520 St. Charles Rock Rd. TEL: (314) 298-9900 


TEL: (313) 459-0200 
FAX: (313) 459-0232 


TEL: (612)831-2362 
FAX: (612) 831-2619 


Suite 131 FAX: (314) 298-8660 
Bridgeton, MO 63044 

NEW YORK 
NEPTUNE ELEC. TEL: (516) 349-1600 
255 Executive Dr. FAX: (516) 349-1343 
Suite 211 
Plainview, NY 11803 
T-SQUARED TEL: (315) 699-1559 
6170 Wynmoor Drive FAX: (315) 699-1705 
Cicero, NY 13039 
T-SQUARED TEL: (716) 924-9101 
7353 Victor-Pittsford Road FAX: (716) 924-4946 
Victor, NY 14564 
T-SQUARED TEL: (607) 625-3983 


1790 Pennsylvania Avenue FAX: (607) 625-5294 
Apalachin, NY 13732 
NORTH CAROLINA 

SOUTH ATLANTIC COMPONENT SALES 

5200 Park Road TEL: (704) 525-0510 
Suite 103 FAX: (704) 525-9714 
Charlotte, NC 28209 

SOUTH ATLANTIC COMPONENT SALES 


4904 Waters Edge Drive TEL: (919) 859-9970 
Suite 268 FAX: (919) 859-9974 
Raleigh, NC 27606 

OHIO 


J.N. BAILEY & ASSOCIATES — TEL: (513) 687-1325 
129 W. Main Street FAX: (513) 687-2930 
New Lebanon,OH 45345 


J.N. BAILEY & ASSOC.IATES TEL: (614) 262-7274 
3591 Milton Avenue FAX: (614) 262-0384 


Columbus, OH 43214 
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J.N. BAILEY & ASSOCIATES TEL: (216) 273-3798 
1667 Devonshire Drive FAX: (216) 225-1461 
Brunswick,OH 44212 

OREGON 
ATMI TEL: (503) 643-8307 
4900 SW Griffith FAX: (503) 643-4364 
Suite 155 
Beaverton, OR 97005 

PENNSYLVANIA 
CMS SALES & MARKETING _ TEL: (215) 834-6840 
527 Plymouth Road FAX: (215) 834-6848 
Suite 420 
Plymouth Meeting, PA 19462 

PUERTO RICO 
DIGIT-TECH 
P.O. Box 1945 
Calle Cruz #2 
Bajos, San German 
Puerto Rico 00753 


f 


TEL: (809) 892-4260 
FAX: (809) 892-3366 


TEXAS 
O'DONNEL ASSOCIATES TEL: (915) 778-2581 
5959 Gateway West FAX: (915) 778-6429 
Suite 558 
El Paso, TX 79925 
VIELOCK ASSOCIATES TEL: (214) 881-1940 
555 Republic Drive FAX: (214) 423-8556 
Suite 105 
Plano, TX 75074 
VIELOCK ASSOCIATES TEL: (512) 345-8498 


9430 Research Blvd. 
Echelon Bldg. 2, Suite 330 
Austin, TX 78759 


FAX: (512) 346-4037 


VIELOCK ASSOCIATES TEL: (713) 974-3287 
10700 Richmond Avenue FAX: (713) 974-3289 
Suite 108 
Houston, TX 77042 

UTAH 


FRONT RANGE MARKETING, INC. 
488 E. 6400 South TEL: (801) 288-2500 
Suite 280 FAX: (801) 288-2505 
Murray, UT 84107 

WASHINGTON 
ATMl - TEL: (206) 869-7636 
8521 154th Ave., NE FAX: (206) 869-984 1 
Redmond,WA 98052 . 

WISCONSIN 
DAVIX INTERNATIONAL LTD. TEL: (414) 255-1600 
N91W17194 Appleton Avenue FAX: (414) 255-1863 
Menomonee Falls, WI 53051 
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SAMSUNG SEMICONDUCTOR SALES OFFICES-EUROPE 





SAMSUNG SEMICONDUCTOR 
EUROPE GmbH 

Am Unisyspark 1, 

65843 Sulzbach (Germany) 

TEL: 0049-6196-582-06 

FAX: 0049-6196-750-345 





PARIS OFFICE 
Centre d'Affaires La 
Boursidiere RN 186, Bat. 
Bourgogne, BP 202 
92357 Le Plessis-Robinson 
TEL: 0033-1-40940700 
FAX: 0033-1 -40940216 


MUENCHEN OFFICE 
Cari-Zeiss-Ring 9 
D-85737 ismaning bei 
Muenchen 

TEL: 0049-89-964838 
FAX: 0049-89-964873 


STOCKHOLM 


OFFICE 


Bergkaellavaegen 32 
PO. Box 319 
$-19130 Sollentuna 
TEL: 0046-8-6269626 
FAX: 0046-8-6268638 


MILANO OFFICE LONDON 


Viale G. Matteotti, 26 Samsung House 
1-20095 Cusano 225 Hook Rise South 
Milanino Surbiton 

TEL: 0039-2-66400181 Surrey 

FAX: 0039-2-6192279 KT6 7LD 


TEL: 0044-81-3914550 
FAX: 0044-81-9742540 


BARCELONA OFFICE 
C. Provenza, 5193-1 
E-08025 Barcelona 
TEL: 0034-3-4-504876 
FAX: 0034-3-4-331944 


BIRMINGHAM OFFICE 
Florence House St. 
Mary's Road Hinckley, 
Leicestershire LE10 
1EQ 

TEL: 0044-455-891111 
FAX: 0044-455-612345 


BELGIUM OFFICE 
Rue de Geneve 10, 
B3 B-1140 Brussels 
TEL: 0032-2-2456510 
FAX: 0032-2-2456313 





SAMSUNG SEMICONDUCTOR-REPRESENTATIVES 


EUROPE 


BELGIUM 


DANE-LEC BELGIUM 
91-93 Rue J.D. Navez 
B-1210 Bruxelles 


DENMARK 


EXATEC A/S 
Mileparken 20E 
DK-2740 Skoviunde 


MIKO KOMPONENT AB 
Segersbyvaegen 3 
S-14502 Norsborg 


FINLAND 


TAHINIK OY 
P.O. Box 125 
SF-00241 Helsinki 


OY FINTRONIC AB 
Pyyntitie 3 
SF-02230 Espoo 


FRANCE 


MEGACHIP 

7 avenue du Canada 

ZA de Courtaboeuf 
91966 LES UILIS Cedex 
FRANCE 


SCAIB 

80 Rue d'Arcueil 

Silic 137 

94523 RUNGIS Cedex 
FRANCE 


TEL: 
FAX: 


TEL: 
FAX: 


TEL : 
FAX: 


TEL : 
FAX: 


TEL: 
FAX: 


TEL: 
FAX: 


TEL: 


FAX 


0032-2-2167058 
0032-2-2166871 


0045-44927000 
0045-44926020 


0046-853189080 
0046-853175340 


00358-1482177 
00358-1482189 


00358-0887331 
00358-088733342 


0033-1-69290404 
0033-1-69290039 


0033-1-46872313 


: 0033-1-45605549 


GERMANY 


ASTRONIC GmbH 
Gruenwalder Weg 30 
D-82041 Deisenhofen 


TEL : 0049-89-6130303 
FAX : 0049-89-6131668 


CANNING ELECTRONIC DISTRIBUTION CED GmbH 


Laatzener Str. 19 
D-30539 Hannover Delete 


MSC VERTRIEBS GmbH 
Industrie Str. 16 
D-76297 Stutensee 3 


MICRONETICS GmbH 


Dieselstrasse 12 
D-71272 Renningen 


TEL : 0049-511-87640 
FAX : 0049-551-8764160 


TEL : 0049-7249-9100 
FAX : 0047-7249-7993 


TEL : 0049-7159-92583-0 
FAX : 0049-7159-9258355 


SILCOM ELECTRONICS VERTRIEBS GmbH 


Hindenburg Str. 284 
D-41061 Moenchengladbach 


ITALY 


TEL : 0049-2161-15074 
FAX : 0049-2161-183313 


DEUTSCHE ITT INDUSTRIES GmbH 


Viale Milanofiori E/5 
1-20090 Assago Mi 


TEL : 0039-2-824701 
FAX : 0039-2-8242631/8242831 


FANTON COMPONENTS BOLOGNA S.R.L. 


Via O. Simoni, 5 
1-40011 Anzola dell' Emilia 


RAFI ELETTRONICA SPA 
Via Savona 134 
1-20144 Milano 


TEL : 0039-51-735015 
FAX : 0039-51-735013 


TEL : 0039-2-48300431 
FAX : 0039-2-428880 
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES 


THE NETHERLANDS SWITZERLAND 
MALCHUS BV HANDELMIJ ELBATEX AG 
Fokkerstraat 511-513 TEL: 0031-10-4277777 Hard Str. 72 TEL : 0041-56275511 
Postbus 48 FAX: 0031-10-4154867 CH-5430 Wettingen Schweiz = FAX : 0041-56275532 
NI3125 BD Schiedam : 

UNITED KINGDOM 

SPAIN MAGNATEC 
Ronda General Mitre TEL: 0034-3-2172340 Lutterworth , FAX: 0044-455-552612 
240 Bjs FAX: 0034-3-2176598 Leicestershire 
E-08006 Barcelona LE17 4JB 

SWEDEN ICE ELECTRONICS LTD. 

31-32 Stephenson Road TEL : 0044-480-496466 

MIKO KOMPONENTS Burrel Road Industrial Estate FAX : 0044-480-496621 
Segersbyvaegen 3 TEL : 0046-853-189080 St. Ives 
P.P. Box 2001 FAX : 0046-853-175340 Cambridgeshire 
$-14502 Norsborg PE17 4WJ 
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES 


ASIA 


HONG KONG 


AV. CONCEPT LTD. 

Unit 11-15, 11/F1, Block A, 
Focai Industrial Centre 

21 Man Lok Street, Hunghom, 
Kowloon, Hong Kong 


TEL : 3347333 
FAX : 7643108 


PROTECH COMPONENTS LTD. 


Unit 2,3/F, Wah Shing Centre, TEL : 7930882 
11 Shing Yip Street, FAX: 7930811 
Kwun Tong, Kowloon, 

Hong Kong 


WISEWORLD ELECTRONICS LTD. 


Room 708, Tower A, 7/FI., TEL: 7658923 
Hunghom Commercial Centre, FAX : 3636203 
37-39 Ma Tau Wai Road, Hunghom, 

Kowloon, Hong Kong 


IBDT HK LTD. (CHINA AREA) 
Unit 2, 23rd floor, 

Westlands Center, 

No.20 Westlands Road, 

Quarry Bay, Hong Kong 


TEL : 565-5898 
FAX: 564-5411 


SOLARBRITE ELECTRONICS LTD. 
(CALCULATOR & WATCH) 
Unit 1, 11/F, Tower 1, Harbour 
Centre, 1, Hok cheung 

St, Hunghom, Kowloon, 

Hong Kong 


TEL : 3633233 
FAX: 3633900 
TLX : 52543 SECL HX 


ATLANTIC COMPONENTS LTD. 
(MEMORY & PC) 


Unit 502, 5/F, Tower Ill, TEL: 7991996 
Enterprise Square, FAX: 7559452 
9 Sheung Yuet Road, Kowloon Bay, 

Kowloon, Hong Kong 


LISENG & CO. 

(4BIT/8BIT ONE CHIP SOFTWARE HOUSE) 
Flat B&C, 6/F, Four Seas TEL : 5431338 
Communication Bank Bldg, FAX: 5442602 
49-51 Bonham Strand 

West, Hong Kong 


SOLARI COMPUTER ENGINEERING LTD. 
(4 BIT/SBIT ONE CHIP SOFTWARE HOUSE) 
Roon 2018-2025, Tower 1, TEL : 418-0988 
Metroplaza, Kwai Fong, FAX: 418-0887 
N.T., Hong Kong 


DATAWORLD INTERNATIONAL LTD. 
(MIYUKI ELECTRONICS (HK) LTD.) 
(ASIC DESIGN HOUSE) 
Flat No. 3-4,5/FI., 

Yuen Shing Ind. Bidg., 
1033, Yee Kuk Street, West, 
Kowloon, Hong Kong 


TEL : 7862611 
FAX: 7856213 
TLX : 45876 MYK HX 


ELECTRONICS 


SYNTHESIS SYSTEMS DESIGN, LTD. 
(ASIC DESIGN HOUSE) 
Unit 4,12/F Chai Wan Ind. City, TEL : 557-1102 


Phase 2, No. 70, Wing Tai Road, FAX: 889-2962 
Chai Wan, Hong Kong 


TAIWAN 
YOSUN INDUSTRIAL CORP. 
7F, No. 76, Sec. 1, TEL : (02)788-1991 
Cheng Kung Rd. Nan Kang, FAX: (02)788-1996 
Taipei, R.O.C. 
SANT SONG CORP. 
4F, No.12, Lane 94, Tsao TEL : (02) 662-7829 
Ti Wei, Shen Keng Hsiang, FAX : (02) 662-0781 


Taipei Hsien, Taiwan, R.O.C. 


SUPREME ELECTRONICS CoO., LTD. 
18Fl., No.67, Section 2, 
Tun hwa S. Road, 
Taipei, Taiwan, R.O.C. 


FAX : (02) 7063196 


JAPAN 


TOMEN ELECTRONICS CORP. 


1-1 Uchisaiwa-Cho 2 Chome TEL : (03) 3506-3654 
Chiyoda-Ku Tokyo, 100 Japan FAX : (03) 3506-3497 


RIKEI 

Nichimen Bldg., TEL: (06) 201-2081 
2-2 Nakanojima 2 Chome, FAX: (06) 222-1185 
Kita-Ku, Osaka, 530 Japan 

ISECO 

26-3, Kitamagome 2 Chome, TEL : (03) 3777-3611 
Ota-Ku, Tokyo, 143, Japan FAX : (03) 3777-3614 
ADO 

7F Sasage Bldg., TEL : (03) 3257-2600 
4-6 Sotokanda 2 Chome FAX: (03) 3251-9705 
Chiyoda-Ku Tokyo, 101 Japan 

MARUBUN 

8-1 Nihombashi-Odenma-Cho TEL : (03) 3639-9897 
Chuo-Ku Tokyo, 103 Japan FAX: (03) 3661-7433 
SAMSUNG JAPAN 

17F, Hamacho Center BLDG. TEL : (03) 5641-9651 


2-31-1, Nihonbashi-Hamacho FAX : (03) 5641-9713 
Chuo-ku, TOKYO 103 JAPAN 
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES 


SINGAPORE 


ASTINA ELECTRONIC(S) PTE LTD. 

203, Henderson Road TEL : 65-2769997 
#12-08 Henderson Industrial Park, FAX : 65-2769996 
Singapore 0315 


BOSTEX ELECTRONICS PTE LTD. 

No.221 Henderson Road TEL : 2765130 
#04-06 Henderson Building FAX : 2765132 
Singapore 0315 


SAMSUNG(THAILAND) CO., LTD. 

15th Fl. Sathorn Thani Bidg., TEL: 662-2367642-5 
92/40-41 North Sathorn Road FAX: 662-2368049 
Bankok 10500, Thailand 


SOUTH-WEST ELECTRONICS PTE LTD. 

30 Kallang Pudding Road, TEL: 7431813 
#04-04 Valiant Industrial Bldg., FAX: 7471128 
Singapore 1334 


SYARIKAT SAMSUNG ELECTRONICS(S) PTE LTD. 
Suite 9-2, Menara Penang TEL : 229-1670~1 
Garden 42A, Jalan Suitan FAX : 229-1678 
Ahmad Shah 10050 Penang, 

Malaysia 


VUTIPONG ELECTRONIC CO., LTD. 
51-53 Pahurat Rd, (Banmoh) —_ TEL: 662-2266496-9 
Bankok 10200, Thailand FAX: 662-2240861 


YiIC SINGAPORE PTE, LTD. 

623, Aljunied Road, #06-08 TEL: 65-7490677 
Aljunied Industrial Complex, FAX: 65-7477019 
Singapore, 1438 


SAMSUNG SINGAPORE PTE, LTD. 

4,SHENTON WAY, #18-01/10 TEL : 65-5352808 
Shingwan House, FAX : 65-2772792 
Singapore 0106 


WESTECH ELECTRONICS CO., LTD. 

77/113, Ladprao SOI 3, TEL : 662-512-2751 
Ladyao, Jatujak, Bangkok FAX : 662-512-5531 
10900, Thailand 


INDIA 


COMPONENTS AND SYSTEMS MARKETING 
ASSOCIATES (INDIA) PVT. LTD. 

100, Dadasaheb Phalke Road, TEL: 4114585 

Dadar, Bombay 400 FAX: 4112546 

014 TLX: 001-4605 PDT IN 





ELECTRONICS 


TURKEY 


ELEKTRO SAN. VE TIC. KOLL STI. 
Hasanpasa, Ahmet Rasim TEL: 337-2245 
Sok No. 16 Kadikoy Istanbut, FAX: 336-8814 


Turkey TLX: 29569 elts tr 
CHINA 

IBDT(HK) LTD. (SHANGHAI LIAISON OFFICE) 

Rm 501, TEL : (021) 4316170 


750 Zhao Jia Bang Rang Road, FAX : (021) 4316170 
Shanghai, China 


KOREA 
NAEWAE SEMICONDUCTOR CO., LTD. 
Bangbae Center Bidg., TEL: (02)595-1010 


875-5, Bangbae-4dong, 
Seocho-ku, Seoul, Korea 


FAX: (02)595-7888 


SAMSUNG LIGHT-ELECTRONICS CO., LTD. 

4th Fl. Room 2:3, TEL: 718-0045 
Electronics Main Bldg., 718-9531 —5 
16-9, Hankangro-3ka, FAX: 718-9536 
Yongsan-ku, Seoul, Korea 


NEWCASTLE SEMICONDUCTOR CO., LTD. 

4th Fl. Room 410-411, TEL: 718-8531 —4 
Electronics Main Bldg., FAX: 718-8535 
16-9, Hankangro-3ka, 

Yongsan-ku, Seoul, Korea 


HANKOOK SEMICONDUCTOR & 
TELECOMMUNICATION CO., LTD. 

#302, Monami Bldg., 125-20, TEL: (02)542-4123 
Chungdam-dong, Kangnam-ku, — FAX: (02)542-2454 
Seoul, Korea 8; 


SEGYUNG INTERISE CORP. 

Dansan Bidg., 301, 7-44 TEL: (02)469-3511 
Hwayang-dong, Sungdong-ku, FAX: (02)469-7966 
Seoul, Korea 


SEGYUNG ELECTRONICS 
182-2, Jangsa-dong, 
Jongro-ku, Seoul, Korea 


TEL: (02)273-6781 
FAX: (02)275-9448 


TLX: K24950 SUKSEMT 


SAMTEK 

3/4 FL. Chungju Bidg., 
156-16, Samsung-dong, - 
Kangnam-ku, Seoul, Korea 


TEL: (02)538-4400 
FAX: (02)538-4338—9 


SUNIN TRADING CO., LTD. 
Sunin Blidg., 7FI., 16-8, 
Hankangro-2ka, Yongsan-ku, 
Seoul, Korea 


TEL: (02)702-1257—8 
FAX: (02)704-0997 
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